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Plants can be immense and sturdy, 
and they can be tiny and fragile. 
Green plants are essential for the 
rest of living things, providing them 
with oxygen and food. 


PLANT LIFE 


27 
8-10 
11-21 
22-31 
32-42 
43-53 
54-60 
61-70 
71-83 
84-88 
89-98 
99-102 
103-110 
111-118 
119-125 
126-132 
133-144 
145-148 
149-153 
154-161 
162-175 


What Is A Plant? 

The Plant Kingdom 
Soil 

Bacteria 

Algae 

Fungi 

Mosses and Ferns 
Seed Plants 

Vital Processes of Plants 
Photosynthesis 

Roots and Stems 
Leaves 

Flowers 

Fruits and Seeds 

Seed and Fruit Dispersal 
From Seed To Seedling 
Plant Adaptation 
Vegetables 

Cactus Plants 
Houseplants 

Trees 


Ed Cooper 


WHAT IS A PLANT? 


The plants of the world are living 
things and differ in several important 
respects from things that are not alive. 
For one thing, they are made up chiefly 
of protoplasm, a substance in which all 
the processes of life take place. This 
protoplasm is contained in compartments 
called cells. Plants also display irritability — 
that is, they respond to outer stimuli. Plants 
transform food into plant tissues, and they 
reproduce. 

Plants are generally more or less 
clearly distinguished from animals, ex- 
cept in the case of certain borderline 
forms. The chief point of difference is 
that most plants can manufacture their 
own food, while animals cannot. Again, 
most plants (not all) are fixed in one spot, 
while most animals (not all) can move 
more or less freely from place to place. 
Finally, plant cells have comparatively 
rigid walls, while the covering of practi- 
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cally all animal cells consists of a very 
thin, elastic membrane. 
PLANT CELLS 

The cells, the basic units of plant life, 
vary greatly in size and form, but they all 


have certain features in common. The 
cell wall is made up of several compounds, 
secreted by the protoplasm. The com- 
monest of these compounds is cellulose, 
which is chemically akin to sugars and 
starches. Just inside the cell wall is a 
very thin membrane—the plasma mem- 
brane. The protoplasm within the cell 
has a variety of visible structures. In 
most plants, each cell contains a nucleus, 
or core, separated from the rest of the 
protoplasm by a thin membrane. Within 
the nucleus is a material called chromatin, 
which is concerned with the transmission 
of hereditary traits. The protoplasm out- 
side the nucleus is called cytoplasm. In the 


nature plant cell, much of the cytoplasm 

is taken up by a nonliving transparent 

structure—the vacuole—which is filled 
ith a watery solution—the cell sap. The 
ytoplasm also contains a variety of living 
tructures, including the bodies called plas- 
ds. In the plastids are found various 
gments. As we shall see, the pigment 
1own as chlorophyll plays a vital part in 
e manufacture of food. 


PLANT TISSUES 


In some cases, as in bacteria and vari- 
is algae, the entire organism consists of 
single cell, in which all the activities of 
© go on. Most plants, however, are made 
p of a great many cells, specialized to 
-rform different tasks. Thus, for example, 
ere are root cells that absorb water and 
inerals from the soil; tuber cells that 

ve for the storage of starch; and leaf 
lls in which the manufacture of food 
ces place. 

In multicellular, or many-celled, plants, 

is are combined to form tissues. A tis- 
» may be described as a group of similar 
s, performing the same task or tasks. 
here are various kinds. Meristematic 
sue is found in actively growing regions, 
ich as the tips of roots, buds, and certain 
rts of the stem. As a result of such 
erowth, meristematic tissue is gradually 
ransformed into other kinds, called per- 
manent tissues. These include the epider- 
nis, or surface layer, of leaves and flower 
parts; the phellogen, or cork tissue, which 
forms the outer bark of the stems and roots 
of woody plants; and the conducting tis- 
sues, xylem and phloem, which transport 
water, minerals, and foods throughout the 
plant. Tissues in turn are combined to form 
organs. There are three kinds of organs in 
plants—roots, stems, and leaves. The 
reproductive structures—cones and flow- 
ers—of higher plants are sometimes re- 
ferred to as separate organs. Actually, 
they are specialized stems. 

To keep alive, plants must obtain food, 
breathe, and carry ona variety of activities. 
Most animals can move from one place 
to another in search of food. Most plants 
are unable to do so, since they are rooted 
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Plants are able to manufacture their own food. 
Chlorophyll is an essential part of the plant's food- 
making machinery. Above chlorophyll-containing 
chloroplasts on the leaf of a plant. 


in the soil. They generally obtain food by 
manufacturing it themselves from natural 
raw materials. 


PHOTOSYNTHESIS 


The starting point in this natural 
manufacture of food substance is the 
process known as photosynthesis. The 
green pigment chlorophyll, which most 
plants possess, is essential for this process; 
so is sunlight or light of comparable 
wavelengths. The raw materials required 
are water and the gas carbon dioxide. 
Water is drawn from the soil by the plant 
roots. Carbon dioxide is obtained from the 
atmosphere. It passes into the plant through 
pores, called stomata, in the leaves. In 
the presence of chlorophyll and sunlight, 
water and carbon dioxide react chemically 
to form oxygen and a sugar known as 
glucose—a food element of the carbohy- 
drate group. A part of the oxygen remains 
within the plant. The rest ultimately makes 
its way through the stomata of the leaves 
to the outer air. 

Light is as necessary as chlorophyll 
in the process of photosynthesis. Hence 
the name, which means in Greek “putting 
together in light.” Through photosynthesis, 
carried on in the presence of chlorophyll, 
the plant captures the energy of sunlight 
and stores it up for future needs. Bacteria, 
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In multicellular plants, cells are combined to form tissues that perform asp: 
task. Left: meristematic tissue of a young root. Right: conducting tissu 
transports water, minerals, and food throughout the plant 


molds, and fungi do not possess chlorophyll 
and cannot make their own food. They 
obtain it from decaying plant and animal 
life. 

As we pointed out, photosynthesis is 
the starting point in the plant’s manu- 
facture of food. Some of the glucose 
produced in the process is utilized directly 
by the plant. Some of it is used in making 
other kinds of food, and some of it serves 
in the synthesis, or building up, of new 
protoplasm and of chemical compounds 
essential for growth. 


RESPIRATION 


Food manufactured by the plant is 
used in the process of breathing, or 
respiration—for plants breathe as truly as 
animals do. The process takes place in the 
cells. It involves a series of chemical 
reactions in which oxygen enters into 
chemical combination with sugars and 
other foods; the gas carbon dioxide is 
formed; and energy is released. Respira- 
tion is a form of combustion. It may be 
compared with the burning of coal, which 
releases the energy that has been stored in 
this fuel. 

There are two kinds of respiration: 
aerobic and anaerobic. In aerobic respira- 
tion, free oxygen, derived from photosyn- 
thesis, takes part in the reaction, No free 
oxygen is involved in anaerobic respiration. 
Energy is released by a series of chemical 
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changes in which oxygen is transfi 
from one type of chemical compoun 
another. 


GROWTH AND MOVEMENT 


Of the energy that is released as < 
sult of respiration, some escapes as h 
The rest is utilized in the various activit 
of the plant. One of these is the synthe 
of proteins and other organic compou 
from simpler materials. Another esse: 
activity is growth. This may represen! 
formation of new cells by the process o 
tosis, or cell division; or the enlargement 
the cells formed in this way; or the develop 
ment of tissues. 

Growth is closely associated with an 
other plant activity movement —since 
movement often results from unequal 
growth in the different parts of a plant 
organ. There are various types of plant 
movements. Some of them, such as the 
twining of morning-glory tendrils, result 
chiefly from internal stimuli. Others are 
due to external factors. For example, 
plants bend toward light; are directed 
downward in response to the force of 
gravity; and move toward sources of water, 
particularly when growing in dry soil. 
Certain plants move as they react to 
various contacts. A well-known example is 
the closing of the two halves of the leaf of 
a Venus’s-flytrap plant when an insect 
touches a part of the leaf’s inner surface. 


sexually reproducing plants, pollen is transferred 
rom one plant to another in a variety of ways. In- 
ects (top) may carry the pollen on their legs or 
vings, or the wind may simply carry off exposed 
ollen grains (bottom). 


s a result of this particular movement, 
e insect is trapped; it is then digested by 
e Venus’s-flytrap. 


EPRODUCTION 


One of the most important activities 
the plant is reproduction, which en- 
res the survival of the species. Bacteria 
əroduce by simple division, or fission. 
ich bacterium divides into halves, and 
ch half forms a new individual. In the 
se of yeasts and certain other one- 
led plants, a small bud appears on the 
rface and gradually grows until it is as 
ge as the original cell. It becomes a cell 
its own right and separates from the 
zinal cell. Other plants, including var- 

fungi, develop special cells called 
»res, and these give rise to new plants. 

Certain plants practice sexual re- 

uction. These plants possess sex 

ns, which produce male sex cells 
perm) and female sex cells (eggs, or ova). 
hen a sperm unites with an egg in the 
cess of fertilization, the resulting cell 
es rise to a new individual. This type of 
roduction is found in the seed plants, 
hich make up the great majority of plant 
pecies. In plants such as ferns and mosses, 
ores and sex cells are produced in alter- 
lating generations. 
Sometimes new plants are formed 
dugh the process of vegetative reproduc- 
‘ion. This involves the growth and devel- 
)pment of new plants from various parts of 
old ones—runners, bulbs, tubers, leaves, 
and the like. 

Whatever the method of reproduction, 
each plant transmits its traits to the follow- 
ing generation through the mechanism of 
heredity. Thus the immense variety of 
plants is preserved. 


SIZES AND SHAPES 
Plants range in size from such micro- 


scopic forms as bacteria, which may be less 
than 1/10,000 centimeter in length, up to 
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the giant redwoods of California, which 
may reach a height of over 100 meters and 
a diameter of 10 meters or so. As a general 
tule, there is an average range of size for 
a given plant species. Under unusual con- 
ditions, though, plants may be considerably 
larger or smaller than the average. 
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There are startling contrasts, too, in 
the life span of plants. A bacterium may 
exist as an individual for only half an hour 
or so. At the end of that time, it may divide 
and form two new individuals. Some plants, 
called annuals, live for one growing season; 
others —biennials—for two; still others— 
perennials —for a number of years. Certain 
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Plants differ widely in their size, shape, and adapta- 
tions to climate, habitat, and other plant and anima 
neighbors, Top: a nettle with one of its prickly 
uid-filled, hairlike projections that are irritating to 
many animals. Bottom: a vine with tendrils forming 
cuplike projections to cling to its wall support 


perennials may live for hundreds or even 
thousands of years. The California red 
woods may live more than 3,000 years. 

The forms of plants show great var 
ety. Some are trees; others, shrubs; sti 
others, vines or herbs. There are many di! 
ferences in the methods of branching; ir 
the shape of the leaves, which may be 
smooth-edged or indented, broad or nat 
row; in the structure and color of flower 
Certain plants consist of a simple bod 
called a thallus. They have neither stem 
nor leaves nor roots. 

Plants differ, too, in their adaptatio: 
to various environments. Cacti and yuc 
plants are found only in arid regions 
anas, only in the rain-drenched forests of 
the tropics; and so on. 


FIELDS OF STUDY 


We study the different aspects of plan 
life in the science called botany (from the 
Greek botane, meaning “plant’’). Modern 
botany is a vast field with many subdivi 
sions. Plant anatomy goes into the details 
of plant structure; plant histology is the 
microscopic study of tissues. The life activ- 
ities that go on in plants form the subject 
matter of physiology. Plant taxonomy, ot 
systematic botany, considers the classifica- 
tion of plants. Plant genetics deals with in- 
heritance; plant cytology, with plant cells; 
plant pathology, with plant diseases; plant 
ecology, with the relation of plants to their 
environments; paleobotany, with plants of 
earlier geological periods, as revealed by 
the fossils left in various rock layers. Some 
branches of botany take up particular plant 
groups. Thus mycology has to do with 
fungi; bacteriology, with bacteria; algology, 
with algae. 

There are also various fields of applied 
plant science. For example, horticulture is 
concerned with crops grown in orchards, 
gardens and greenhouses; forestry, with 
forests; agronomy, with field-crop produc- 


tion: floriculture, with ornamental flower- 
ing plants; olericulture, with vegetable 

crops; pomology, with fruit crops. Land- 
cape architecture deals with the arrange- 
yent of vegetation so as to produce a pleas- 
ig effect. 


CONOMIC IMPORTANCE 


The study of botany is truly a vital one, 
ecause plants are essential for our very 
xistence. We pointed out that they can 
eate their own food, while animals can- 
t. Like all other members of the animal 
ngdom, humans must obtain food, direct- 
or indirectly, from plants. 

Plants are the only major source we 
ssess of the gas oxygen, which we need 

respiration. As we saw, free oxygen is 
oduced in photosynthesis, and much of it 
sses into the atmosphere through the 
ives of plants. If the oxygen supply of the 
yosphere were not replenished in this 
1y, it would soon be exhausted. 

Plants prevent the erosion of the soil. 
here a thick plant cover exists, the full 
ce of rain strikes the vegetation and not 

soil itself. Besides, the root system of 

\ts binds the soil particles together so 
t they are not easily carried away by 
inwater coursing down slopes. Plants also 
-elp conserve the water supply. If rainfall is 
ught by forest cover, grass cover, or crop 
ver, a good deal of it will ultimately make 
way into our underground water re- 
ves. 

As bacteria feed and breathe, they of- 
ien bring about important changes in food- 
stuffs and industrial materials. Such 
changes are involved in the manufacture of 
vinegar, butter, and certain kinds of cheese, 
as well as in the tanning of leather and the 
curing of tobacco. Some of the waste prod- 
ucts that bacteria release are valuable in- 
dustrial materials. They include acetone, 
butyl alcohol, and citric acid. Certain bacte- 
ria make nitrogen available to plants by 
transforming nitrogen gas into nitrogen 
compounds that the plant can use. 

There are many other ways in which 
plants serve us. Cotton, flax, hemp, jute, 
and other plants provide fibers used for 
clothing, rope, twine, fishing lines, and so 


on. The wood derived from various trees 
supplies lumber for houses, as well as paper 
for books, magazines and newsprint. The 
plastics called cellulosics are obtained from 
the cellulose found in the cell walls of 
plants. Certain plants provide essential 
medicines. Quinine, useful in the preven- 
tion and treatment of malaria, is derived 
from cinchona bark. The heart stimulant 
digitalis comes from the dried leaves of the 
foxglove. The antibiotics, which have revo- 
lutionized medical practice, are made from 
various molds, bacteria, algae, and higher 
plants. Plants also give us beverages (tea, 
coffee, coca); perfumes (attar of roses, lav- 
ender, rosemary); spices (mace, nutmeg, 
cloves); and rubber, used for automobile 
tires, conveyer belts, surgical gloves, 
paints, and numerous other products. 

Certain plants are harmful to man. 
Various species of bacteria are responsible 
for such human diseases as tuberculosis, 
pneumonia, and cholera. Other species 
cause disease in cultivated plants, including 
potatoes, squash, tomatoes, and pears. The 
plants called rusts and smuts infect cereals, 
apples, potatoes, peaches, and other useful 
plants. Some mushroom species are whole- 
some human foods. Others, such as the fly 
amanita and the destroying angel, are dead- 
ly poisons. Various skin ailments are 
caused by contact with poison ivy, poison 
oak, poison sumac, and other plants. 


Many plants are economically important, providing 
man with food, fibers, and many other products. 
Left: rice, one of the most important foods in the 
world. Right: a field of cotton, an extremely impor- 
tant fiber. 
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THE PLANT KINGDOM 


Living things are generally grouped as 
plants or animals and classified in the Plant 
Kingdom or Animal Kingdom. In general, 
plants share certain characteristics—the 
ability to make their own food, for example 
—while animals, in general, share other fea- 
tures—the ability to move from place to 
place, for example. In some modern clas- 
sification systems, the viruses are placed in 
a third kingdom (Virus), and the bacteria 
and blue-green algae in still another (Mo- 
nera). Because of their plantlike character- 
istics, the bacteria and blue-green algae are 
discussed in the Plant Life section of The 
New Book of Popular Science. The main 
subdivisions of the Monera and of the Plant The leaves and flowers of a water lily float 
Kingdom are given below. The most impor- water but its roots are firmly anchored 
tant groups of organisms are discussed in 
separate articles. 


BACTERIA DIVISION (Monera) 


The bacteria, one-celled single or colonial organisms with no chlorophyll or nuclei; 
often parasitic and disease-producing; sometimes saprophytic; some make their 
own food; live with or without air; some are beneficial to humans. Genetic material 
contained in a stranded DNA molecule arranged in a circle; reproduce asexually 
Found everywhere. BACILLUS, COCCUS, SPIRILLUM. 


CYANOPHYCOTA DIVISION (Monera) 


Blue-green algae, minute, one-celled ite with chlorophyll. Reproduction asexual. 
Live in water and soil. OSCILLATORIA, GLOEOCAPSA. 


EUGLENOPHYCOTA DIVISION—“Plants with true eyes” 


Minute one-celled algae, often with chlorophyll; yellow-green or colorless. Have 
eyespot and flagella. Resemble animals in that they move and in some cases take in 
food from the outside. Reproduction mostly asexual. Live in freshwater. EUGLENA. 


CHLOROPHYCOTA DIVISION—‘‘Green plants” 


Green algae, single-celled or multicellular, with chlorophyll; cell wall of cellulose: 
provided with flagella; some move; often threadlike or in sheetlike colonies. Repro- 
duce by fission, by spores, or sexually. Found in water, snow, ice, soil; some para- 
sitic. CHLAMYDOMONAS, VOLVOX, ULVA. 


CHROMOPHYCOTA DIVISION—“‘Colored plants” 


Yellow-green and brown algae; one-celled, multicellular, or colonial; from tiny fla- 
gellates to enormous sheets with complex Structures; have chlorophyll and other 
Pigments. Reproduce by fission, by spores, or sexually. Found in fresh and salt 


water, soil, damp places; may live o ther pl $ e 
R ae y live on other plants. DIATOM, CHLOROMONAS, SAR: 


RHODOPHYCOTA DIVISION—“‘Rose-colored plants” 


Red algae; multicellular; have chlorophyll and other 


I i ts, i i ig- 
ments. Alternation of generations. Mostly marine. SEA Moss” pi eg oe Pig 
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EUMYCOTA DIVISION—‘True fungal plants” 


Viushrooms, molds, mildews, smuts, rusts, yeasts. Body made up of filaments (hy- 
hae); saprophytic or parasitic; no chlorophyll; pale to brilliantly colored; micro- 
copic to large. Reproduce by spores, by budding, or sexually. Inhabit damp, often 
ark, places; found in air, water, soil, or wherever organic matter abounds. May live 
vith algae and other green plants in mutually beneficial relationship. There are five 


ubdivisions. 


astigomycotina Subdivision Produce free-living zoospores with single whiplike flagella; many aquatic; 


gomycotina Subdivision 


comycotina Subdivision 
Sac fungi 


ssidiomycotina Subdivision 
Club fungi 


steromycotina Subdivision 
imperfect fungi 


also abundant in soils. CHYTRID, DOWNY MILDEW, WATER MOLD. 


Fungi with distinctive sexual and asexual reproductive stages. BREAD 
MOLD, SUGAR FUNGUS. 


Also known as Ascomycetes; spores in sac or on hyphae, one-celled to 
many-celled; reproduce sexually and asexually. YEAST, PENICILLIUM, 
BLUE MOLD, SPHERE FUNGUS, POWDERY MILDEW. 


Also known as Basidiomycetes; spores on basidium, a clublike extension of 


hypha. Multicellular; often large; may be parasitic. FIELD MUSHROOM, 
PUFFBALL, SMUT. 


Many parasitic and disease-causing. No known sexual stage. RINGWORM 
FUNGUS. 


YOPHYTA DIVISION—''Moss plants” 


> mosses and liverworts; green land plants; small, multicellular, but with few 
inized structures; alternation of generations. Inhabit damp soil, swamps, and 


ams. 


»aticopsida Class 
Liverworts 


ihocerotopsida Class 
Hornworts 


jopsida Class 
True mosses 


dreaeopsida Class 
Granite mosses 


ohagnopsida Class 
Peat mosses 


The liverworts. Gametophyte body is horizontal on ground; sporophyte 
erect. MARCHANTIA, CENOCEPHALUS. 


The hornworts or flower horns. Gametophyte body with complex cylindrical 
sporophyte. ANTHOCEROS. 


The true mosses. Characterized by sporophytes that remain attached to the 
gametophytes. 


The granite mosses, a small ancient group intermediate in character be- 
tween the true mosses and peat mosses. 


The peat mosses. Gametophyte is upright, with leaflike protonema. SPHAG- 
NUM. 


Two types of non-flowering plants typically found in damp, dark areas. Left: 
mushrooms, a type of fungus. Right: sporophyte of a typical moss. 
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PSILOTOPHYTA DIVISION—‘‘Naked-appearing plants” 

Earliest, most primitive land plants with definite structures; stem with rootlike and 
leaflike extensions; simple vascular system; elementary wood structure. Alternation 
of generations. Most extinct. PSILOTUM. 


LYCOPODIOPHYTA DIVISION—‘‘Wolflike plants” 


The clubmosses and quillworts. Sporophyte with roots, stem, and leaves; spore 
structures on leaves. Alternation of generations. Generally small, but in the Carbon- 
iferous were often large, contributing to coal deposits. LYCOPODIUM, SELAGI- 
NELLA. 


EQUISETOPHYTA DIVISION—“Wedgelike plants" 


The horsetails and scouring rushes. Sporophyte with stems, roots, and leaves; 
spores on cones; leaves in whorls; jointed hollow stem; gametophyte ribbonlike. 
Generally small, but in the Carboniferous contributed to coal deposits. EQUISETUM. 


FILICOPHYTA DIVISION—The ferns 


The ferns. Sporophyte with leaves but no seeds or flowers; gametophyte small. 
Small to treelike; prefer damp soil and shady areas. 


PINOPHYTA DIVISION—“'Naked-seed plants” 


The gymnosperms. True, uncovered seeds, developing after pollen grain in male 
gametophyte fertilizes egg cell in female gametophyte; many-celled embryo, or 
sporophyte-to-be, inside seed; gametophytes form part of sporophyte, which has 
stem or trunk, leaves, and roots; cambium layer in trunk. Mostly trees, bearing 
cones. CYCAD, GINKGO, CONIFERS. 


MAGNOLIOPHYTA DIVISION—“Vessel-seed plants” 


The angiosperms, or flowering plants. True, covered seeds, developing after pollen 
grains fertilize eggs. Many-celled embryo in protected seed gives rise to sporophyte 
with stem or trunk, leaves, and roots; gametophytes form microscopic part of spo- 
rophyte. Cambium in most woody dicotyledonous plants. Flowers and fruits. 


Monocotyledoneae Class Plants with one cotyledon; flowers usually in three or six parts; one plant 
Monocots may have either male or female flowers, or both kinds of flowers, or bisex- 
ual flowers, or it may combine all types. Leaves with parallel veins; wood 

fibers not concentrated. 


Dicotyledoneae Class Plants with two cotyledons; flowers usually in four or five parts, sometimes 
Dicots in two parts or multiples of two and five. Flowers male, female, or bisexual. 
Leaves veined; wood fibers of stem usually concentrated in rings. Many 

trees. 


Left: female cone of a maritime pine. Right: male Angiosperms, or flowering plants, are the largest 
cone of a silver pine. Both are gymnosperms, or group of plants. Below: flower bud, open flower, 
conebearing plants. and fruit of a corn poppy. 
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SOIL 


The plants that grow upon the earth’s 
and areas could not exist without the thin, 
loose surface layer that we call the soil. It 
provides plants with mechanical support, or 
ınchorage. It offers mineral nutrients for 

lant growth. Water and air, trapped within 
, are made available to the roots. Not only 
ant life, but animal life as well, is depen- 
ent on the soil, for animal foods are de- 
ived directly or indirectly from plants. 
Weathered rock particles make up a 
rge part of the film of soil. The rest is 
ormed of the decayed products of organic 
iatter—that is, living or formerly living 
ubstances. The soil is not an inert, un- 
anging body. It is constantly being trans- 
rmed by chemical and physical processes 
id by the activities of living organisms. 
It takes but a moment for you to dig up 
padeful of garden soil. But it has taken 
» processes of nature countless centuries 
create the soil. The first step in soil- 
uilding is the weathering of rocks that lie 
the earth’s surface. The result is a vast 
;ccumulation of rock debris above the 
vedrock. This debris is called the regolith, 
rom two Greek words meaning “stone 
blanket”. It is not soil itself but rather the 
‘orerunner, or parent, of soil. 


HOW THE REGOLITH IS FORMED 


The weathering that results in the for- 
mation of the regolith is due to many dif- 
ferent factors: 

Temperature. Among the most impor- 
tant causes of weathering are variations in 
temperature. During the day, exposed rock 
is heated by the sun and expands. At night, 
it cools and contracts. The rock is com- 
posed of different minerals, which expand 
and contract at different rates. Unequal 
stresses are built up as a result, and cracks 
appear. Water gains entrance by way of 
these cracks and begins its eroding and dis- 
solving action. If freezing occurs, the ex- 
pansion of the water as it freezes exerts 
tremendous pressure. This causes the rock 
mass to break up into smaller pieces. Dif- 


W. Schwarz 


ferences in temperature between the ex- 
posed outer part of a rock and the protected 
inner portion also bring about unequal 
stresses, causing the surface layers to peel 
off. 

Water. The loose material of the rego- 
lith is shifted, sorted, and transported by 
rainwater beating upon the land and run- 
ning downhill. Water from melting snow 
has a similar effect. If the running water is 
carrying a load of debris, it cuts, or erodes, 
the bedrock, giving rise to more debris. 

The sediment may be carried by rivers 
many kilometers before it is finally deposit- 
ed as potential soil in alluvial fans, terraces, 
and deltas. Sometimes debris is laid down 
in lakes, gulfs, and oceans. Here it remains 
submerged until the elevation of the land or 
the lowering of the water level exposes it as 
parent material for a new soil. 
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Glacial ice. Glaciers are other impor- 
tant agents of soil transportation, erosion, 
and deposition. As the glacier moves, it 
picks up rocks and grinds them into frag- 
ments against one another. Rock particles 
imbedded in the lower level and sides of the 
glacier scour rock powder from the bedrock 
of the glacier’s channel. When the ice melts, 
the rock fragments and powder are either 
immediately deposited or carried for many 
kilometers by the water flowing from the 
glacial front. 

Wind. Wind picks up the finer particles 
of the regolith. Armed with this grit, it 
abrades more fragments from rocks through 
the action of sandblasting. The winds carry 
sand and dust for many kilometers. 

Chemical changes. Rock is also affect- 
ed by a variety of chemical changes. Water 
combines with carbon dioxide to form car- 
bonic acid, which is a powerful solvent and 
attacks the minerals contained in rock. In 
the process of oxidation, oxygen combines 
with various minerals. These are decom- 
posed as a result of the reaction. The rock 
mass in which they are found is weakened, 
so that it readily crumbles. In hydration, 
various minerals take up water molecules. 
These minerals increase in size and become 
soft. They are then broken down by 
weathering and erosion. Hydrolysis is an- 
other chemical process that affects rock. It 
occurs as salts are dissolved in water. The 
salts undergo ionization. That is, they are 
converted into electrically charged atoms 
or groups of atoms called ions. The ions 
then react with hydroxyl and hydronium 
ions, which are always present in water. 


FORMATION OF TRUE SOIL 


As we have pointed out, the regolith is 
only the forerunner of soil. True soil is 
formed only when living organisms become 
active in the rock debris. Sooner or later, 
hardy lichens and mosses gain a foothold 
on the exposed, weathering surfaces of the 
regolith. These relatively simple plants 
catch and hold the finer mineral particles 
carried by wind and water, and they absorb 
mineral nutrients. They also give off carbon 
dioxide which, in the presence of water, 
helps dissolve minerals in the regolith. 
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As parts of the plants die, bacteria 
molds appear. They feed on and bı 
down the plant remains. Nutrients in 
dead plants are liberated and can be 
by living plants. The decaying vegeta 
also yields organic acids, which diss 
many of the minerals in the regolith. 

Eventually, a thin film of organic m 
rials combined with mineral matter is bu 
upon the regolith. This represents the | 
ginning of true soil. Larger and bushi: 
mosses now invade the soil. They trap 
hold more minerals and contribute ti 
remains to the growing soil mat. Afte 
time the soil is firmly enough establishe 
provide essential nutrients, water, and í 
support for grasses, herbaceous plan 
shrubs, and, perhaps, trees. 

As these higher plants gradually est 
lish themselves, a layer of humus devel 
Humus represents the very dark mat 
that is usually so noticeable at the sur! 
of most soils. It is the result of complic 
chemical reactions carried on by the 
microbes. Part of the humus is a com! 
tion of protein and lignin (one of the b 
ing blocks of plant cell walls). Part 
apparently, is composed of the tissue 
dead soil microbes. 

The presence of organic humus mi 
the difference between a productive : 
and one that is sterile. Humus holds most © 
the soil’s nitrogen and much of its sulfur 
and phosphorus. It attracts and retain 
water. It also holds the gases and ions that 


are needed by plants. It causes soil parti ‘ 


cles to clump, providing a workable soil. 
When humus itself is decomposed, heat is 
produced and the soil is warmed. Under 
such conditions, the seeds of the higher 
plants can readily germinate. 


THE SOIL PROFILE 


_As soil is formed, particularly if water 
drainage is good, horizontal layers develop 
in the regolith. If you dig a trench into soil 
down to bedrock or examine any fresh road 
cut, you can see these layers. They are 
called horizons by soil scientists. The hori- 
A taken together make up the soil pro- 

e. 


There are three major horizons in any 


soil profile: the A, B, and C horizons. The 
A horizon, or, roughly, the surface soil, is 
the zone where organic materials have be- 
some incorporated within the mineral mat- 
ter. Often there is a litter of fresh plant 
remains at the surface and, below this, a 
‘ayer of very dark humus. Under the humus 
a lighter-colored mineral layer. It is the 
It of leaching —the removal of soluble 
ubstances by percolating water. In culti- 
vated soil, the layers of humus and mineral 
atter are mixed together. A considerable 
wt of the nutrients and water available for 
plants is to be found in the A horizon. Here 
find the most extensive root develop- 
ent. 
Che B horizon, or subsoil, has little 
organic material in it, though the mineral 
vatter is noticeably weathered. This hori- 
n contains substances derived from the A 
orizon above and the C horizon below. 
on, aluminum, and sometimes calcium 
mpounds accumulate here; so does 
ay that is washed down from the surface 
yers. 
The lowest, or C, horizon is composed 
the same loose parent material from 
hich the true soil above has developed. It 
more or less weathered, and its upper 
yers gradually become part of the true 
soll 
Often the horizons are not distinct. 
Chere are zones of transition between the 
\ and B horizons and the B and C hori- 
zons. When the soil is mature, its profile 
does not change much, even though 
) weathering and soil organisms are constant- 
ly at work. There is normal erosion at the 
surface, balanced by the creation of new 
soil from the C horizon below. 


FACTORS INFLUENCING SOIL 
DEVELOPMENT 


The nature of mature soil depends on 
several factors: the sizes and groupings of 
the rock fragments of which the regolith is 
composed, the time it takes for this material 
to be transformed into soil, the lay of the 
land, the vegetation, and the climate. 

Sizes of soil particles. The regolith 
consists of particles of various sizes. This 
variation determines the texture that the 


A horizon. This is 
the surface soil. 
Organic materi- 
als have been 
incorporated in 
the mineral mat- 
ter derived from 
the original rock. 


B horizon. Also 
called the sub- 
soil, the B hori- 
zon has little or- 
ganic material. 
Its mineral ele- 
ments have been 
heavily weather- 
ed. 


C horizon. In this, 
the parent rock 
material has 
undergone but 
little weathering. 
The C horizon 
may be absent in 
certain soils. 


The art above shows the horizons, or horizontal 
layers of soil, that make up a typical soil profile. 
There are three major horizons —A, B, and C. There 
are. also some subdivisions, but these are not 
shown in this art. 
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Soil particles differ in size. Above are particles of 
gravel. They are irregularly shaped rock fragments, 
having a diameter greater than two millimeters. 


W. Schwarz 


Next in size are silt particles. Silt particles have a 
variety of shapes. They range in size from 1/256 
millimeter to 1/16 millimeter. 


soil ultimately develops. The largest parti- 
cles are stones and gravel, which are irregu- 
larly shaped rock fragments having a diam- 
eter of more than two millimeters. Sand 
particles range from two millimeters to 16 
millimeter in diameter. The sand grains are 
rounded or irregular in shape. They are 
usually of quartz, though they may also be 
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Soil m r by M, D. Morris 


Sand particles consist of grains r than grav- 
el. These particles may be rou irregularly 
shaped. They have a diameter of iillimeter to 


two millimeters. 


Soil Materials furnished by M. D, Morris 


Clay particles have the smallest diameter of all 
They are made up of complex minerals and have a 
diameter of less than 1/256 millimeter. 


of feldspar, mica, magnetite, and garnet. 
Silt particles are from 16 millimeter to 1/256 
millimeter. They are most often quartz and 
have different shapes. Clay particles have 
a diameter of less than Y2s6 millimeter. 
They are plate-shaped. They may be of 
quartz but are more often of compounds 
suchas kaolinite, illite, and montmorillonite. 


If sand makes up 70 per cent or more 
of the soil by weight, the soil is said to be 
andy. If the sand grains are not coated 
with clay, they do not stick together and are 
not plastic, or capable of being molded. 
and does not hold water well and has large 
ore spaces between the grains. Conse- 
uently, a sandy soil is exceedingly loose, 
lrains water rapidly, and encourages the 
ovement of air through the soil. 

Soils with at least 35 to 40 per cent 
lay are called clay soils. A great part of the 
hemical reactions in soil takes place at the 
irface of clay particles. Because clay is 
ide of such finely divided particles, a 
mendous surface area is available for the 
isorption of water, gases, and ions. Ad- 
rption is the adhesion, in a thin film, of 
»lecules and ions to the surfaces of solids. 

he compact clay soils do not allow rapid 

ovement of air and water through them. 
ay is sticky and highly plastic when wet, 
| very hard and cloddy when dry. 

The soils known as loams are a mix- 
re of sand, silt, and clay. They combine 
he desirable properties of both sand and 

There are various other kinds of soils, 

lepending on the size of the predominating 

rticles: sandy loams, silty loams, clay 
ms, sandy clays, silty clays, and so on. 

Groupings of soil particles. Individual 
particles of sand, silt, and clay are clustered 

ogether in a variety of aggregates, or parti- 

e groupings. This gives the soil its charac- 
eristic structure. There may be only one 
kind of structural pattern in a soil profile. 
More often, however, the pattern differs 
from one horizon to the next. 

The structure of the soil is very impor- 
tant. It influences water drainage, the trans- 
fer of heat through the soil, aeration, and 
the degree to which plant roots can pene- 
trate the soil and spread through it. 

When thin, flat aggregates, lying hori- 
zontally, pile up one on top of another, they 
form a platelike structure. This structure 
may be found in any part of the soil profile. 
In semiarid and arid regions, the subsoil 
often shows a columnar pattern or a pris- 
matic pattern in which the aggregates are 
shaped like pillars. A blocklike or nutlike 
structure is found in subsoils of humid re- 


Soil structures. When thin, flat particle groupings 
are piled on top of one another, they form platelike 
structures. In semi-arid and arid regions, the sub- 
soil may show a prismatic pattern, suggesting pil- 
lars set side by side. A blocklike structure is found 
in the subsoils of humid regions. When small 
rounded aggregates are loosely combined, they 
make up a granular structure. Examples of each 
type are shown above. Top to bottom: platy, pris- 
matic, blocklike, granular. 
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SCHEMATIC MAP OF 
MAJOR SOIL GROUPS 


INCEPTISOLS: Early soils of cold climates, with 
moss and permafrost. 


SPODOSOLS AND HISTOSOLS: Forest soils 
of wet, cool climates. 
ALFISOLS AND INCEPTISOLS: Forest soils of 


wet, temperate climates 


ULTISOLS: Older forest soils of wet, warm 
climates. 


MOLLISOLS: Fertile grass soils, often in dry to 
moist plains. 


VERTISOLS: Clay soils of warm climates with 
wet and dry seasons. 


ARIDISOLS: Soils of dry to desert climates, 
with sparse growth. 
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PP] OXISOLS, INCEPTISOLS, ULTISOLS: Soils of 
wet, warm to tropical climates. 


MOUNTAIN SOILS —ENTISOLS AND INCEP- 
TISOLS: Thin and stony soils. 


` 


j 
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RIVER SOILS—INCEPTISOLS AND ENTI- 
SOLS: Rich soils in floodplains and deltas. 


of 


The map shows the distribution of the ten major types of soil. Climate and 
geography affect soil distribution. Note that Greenland is covered by an 


ice cap, with little or no exposed soil. 


gions; the aggregates are in the shape of 
cubes or rounded cubes, lying close togeth- 
er. Small rounded aggregates, loosely com- 
bined, make up a granular or crumb soil 
structure. This formation occurs in many 
surface soils, especially those rich in organ- 
ic materials. In some soils, sands are so 
predominant that there is no structure. The 
soil is formed of single grains. In other 
soils, such as those high in clay, the units 
are quite massive, and they likewise have 
no distinct structure. 

The time factor. The nature of soil 
depends to a certain extent on the length of 
time that the parent materials have been 
exposed to weathering and have supported 
vegetation. In areas where debris has been 
deposited by wind, water, glaciers, or vol- 
canic action, there may not have been 
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enough time for the formation of a mature 
soil. 

The lay of the land. The topography of 
the land influences soil formation to a cer- 
tain extent. If the land is hilly, water will 
be drained off more rapidly than it would be 
if the surface were more or less flat. As the 
water runs downhill, it takes some of the 
soil with it. In gently rolling country, a deep 
soil often develops if the climate is mild and 
humid. There is enough drainage to bring 
about important chemical changes, but not 
enough to remove much soil. On the other 
hand, a mature soil cannot be formed if 
water collects in a level area and stands for 
most of the year, as in bogs. 

Vegetation. In its development, soil is 
greatly influenced by the plants that grow 
upon it. Plants take up mineral elements 
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from the soil by their roots. When these 
plants die, their remains decay and the min- 
eral nutrients are released to the surface 
soil. The minerals are leached from this 
area. They are taken up by the roots of liv- 
ing plants and again released to the surface 
soil when the plants die. This cycle varies 
according to the plants taking part in it, 
their rooting habits, and their mineral 
needs, 

Plants influence the soil in other ways. 
Roots hold the soil in place, thwarting the 
efforts of wind and water to carry it away. 
Branching roots penetrate and fracture 
hard soil lumps and layers; they make the 
soil loose and open for the circulation of air 
and water. 

Climate. Developing soils are influ- 
enced most of all, perhaps, by climate. The 
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temperature and amount of moisture con- 
trol the degree of physical weathering. 
They also regulate the speed at which 
chemical decomposition takes place. In an 
excessively dry climate, for example, tem- 
perature changes are extreme. Wind and 
running-water erosion predominate over 
chemical weathering, for there is not 
enough constant moisture to allow vigorous 
chemical reactions. As a result, the parent 
soil material tends to be coarse. In humid 
regions, chemical action is greatly speeded 
up, and the potential soil material may be- 
come exceedingly fine in texture. 

The soil organisms that decompose 
vegetable matter are also affected by mois- 
ture conditions and temperature. The cli- 
mate dictates the kind of vegetation that 
will live in any given region. As we have 


SOIL 


17 


18 


seen, this vegetation, in turn, influences the 
soil in which it grows. 


CLASSIFYING SOILS 


A number of soil classifications have 
been devised. These are based largely on 
the stages of development, or ages, of dif- 
ferent soils as reflected in the presence or 
absence of various horizons. Also impor- 
tant are such factors as climate, topogra- 
phy, minerals, acidity, amount of organic 
matter, and water content. 

The latest classification puts the 


world’s soils into ten orders. The last sylla 


ble, “sol,” in each name is Latin for “soi 
The first elements of the names indicate 
outstanding characteristics of the soils. 
Entisols, or “recent soils”. These soils 
are very young, with few or no horizons. 
They often develop on the floodplains of 
rivers and on stationary sand dunes. Enti- 
sols contain little organic matter. However, 
they may be fertile and yield bumper crops. 
More than 12 per cent of the world’s land 
area is covered by entisols of various types. 
Inceptisols, or “beginning soils”. In- 
ceptisols are somewhat older than entisols 
and their horizons are slightly more de- 
veloped. In cold places, such as northern 
tundras, inceptisols are acidic and have 
much organic matter. They occur in other 
lands, also, and are sometimes used for 
agriculture or pasturage. They cover nearly 
16 per cent of the earth’s land surface. 
Aridisols, or “dry soils”. Such soils, 
formed in deserts and semideserts, are of- 
ten reddish. They contain some horizons, 
with a layer of lime below the surface. 
There is little water or organic material, and 
vegetation is usually scant. Aridisols are 
commonly used for grazing. If irrigated, 
they may yield fantastic crops. Most of the 
world’s soils are aridisols, which cover 
more than 19 per cent of the total land area. 
Mollisols, or “soft soils”. These soils 
are soft, even when dry. They are brown, 
red, dark, or black and contain horizons, 
organic matter, and water. Mollisols arise 
in regions less arid than deserts, such as 
plains. They are the most fertile soils, 
yielding grass or bountiful crops. They 
cover 9 per cent of the world land area. 
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Spodosols, or “ashy soils”. These ma- 
ture soils have horizons with an A layer 
that is ash-gray in color. Spodosols develop 
in cold, humid climates and underlie much 
of the world’s northern forests. They con- 
tain much silica, aluminum, iron, and organ 
ic matter. Acidic and with little water-hold 
ing ability, spodosols are unfit for mos 
farming. Less than 5¥2 per cent of the 
world land surface is spodosol. 

Alfisols, or “aluminum-iron soils“ 
Alfisols are rich in aluminum, iron, wate 
organic matter, and substances that give 
basic chemical reaction. Gray to brown 
color, their horizons contain layers of cl 
Alfisols are second only to mollisols in fi 
tility and underlie many agricultural ar 
forest areas. They cover nearly 15 per c« 
of the earth’s land surface. 

Vertisols, or “turned soils”. The 
soils contain certain clays that, due to sea 
sonal expansion and contraction, turn then 
over completely. Vertisols mature in warm 
er climates with marked wet and dry se 
sons. They crack widely during the dry 
spells and fill with water when it rains. Thes 
soils are deep, containing considerable 
clay, organic matter, and lime. They : 
fine for agriculture, particularly with ferti 
lizer. Vertisols cover only 2 per cent of ti 
world’s land area. 

Histosols, or “organic soils”. Thes 
mature soils are saturated with decaying 
plant matter, organic muck, and water 
They originate in lakes or marshes that are 
gradually filling with vegetation, mud, and 
peat. Eventually, the water plants are re- 
placed by land plants, such as pine trees. 
Histosols, when partly drained, make ex- 
cellent farmland. They are the rarest soils, 
taking up somewhat less than 1 per cent of 
the earth’s land surface. 

Ultisols, or “last, or ultimate, soils”. 
Ultisols are soils in an advanced stage of 
development, or old age. They contain clay 
layers and much aluminum, with little or- 
ganic matter and few substances giving a 
basic chemical reaction. Ultisols have also 
been leached of numerous minerals by wa- 
ter. They develop in moist, mild, and trop- 
ical climates. Unless fertilized, they 
are unsuitable for permanent agriculture. 


About 8.5 per cent of the world’s land area 
is covered by ultisols. 

Oxisols, or “oxide soils”. These very 
ancient soils have a high content of oxygen 
compounds—oxides—of aluminum and 
ron, along with much clay. They are often 
rick red in color, with hard lumps of iron 
»xide. The more soluble minerals have long 

ince been dissolved by water, leaving resi- 

lues that do not have a basic chemical reac- 

ion. Organic material is low. Oxisols are 

nsuitable for farming. They are common 
warm to tropical climates with high rain- 
ill and cover over 9 per cent of the earth’s 
nd surface. 


JCAL VARIATIONS 


Soil variations that are often found 
ithin a region are due to local conditions. 
or example, where drainage is poor, 
arshes, swamps, and bogs may develop. 
losses, pondweeds, sedges, reeds, shrubs, 
nd even trees live and die here. Their re- 
ains form thick mats of partially decayed 
zanic matter, eventually producing peaty 
. Where drainage is poor in arid re- 
gions, salts accumulate in the surface soil, 

ving rise to salt and alkali flats. Only a 
iin surface soil may be present in areas 

iere there are steep slopes. Immature 
oils occur on steeply sloping glacial drift, 
in sand dunes, on wind-carried deposits, 
| on river-carried deposits along river 
yanks and in valley bottoms. 


NUTRIENTS IN SOILS 


All soils provide the vegetation that 
flourishes on them with a variety of nu- 
trients. Water, nitrogen, phosphorus, sul- 
fur, potassium, calcium, and magnesium 
are generally present in relatively large 
amounts. Other vital soil elements —ab- 
sorbed in smaller quantities and therefore 
called trace elements—include iron, man- 
ganese, boron, zinc, and copper. Some 
plants seem to require still other nutrients, 
such as sodium, molybdenum, chlorine, 
fluorine, iodine, silicon, strontium, barium, 
and cobalt. 

The vital nutrients are more abundant 
in some soils than in others. However, the 
quantity of nutrients is not as important as 


the ease with which they are made available 
to plants. This depends to a large extent on 
how acid or alkaline the soil is. In highly 
acid soils, for example, phosphorus may 
become unavailable because it forms com- 
pounds with aluminum and iron, and these 
compounds do not dissolve in soil water. 
Plants may not obtain enough calcium from 
soils that are too acid, because it has been 
leached from the topsoil. Microbes do not 
flourish in such soils. As a result, organic 
matter will not be decomposed and such 
essential nutrients as nitrogen, sulfur, and 
phosphorus will not be released. If the soil 
is too alkaline, iron, manganese, copper, 
and zinc will become unavailable to plants. 
However, when soil reaches an extreme 
degree of alkalinity, these metals become 
too readily available and plants may be poi- 
soned by them. 

Nitrogen is among the most essential 
of the soil elements required by plants. 
Most of it is held in plant remains in the 
form of such compounds as proteins and 
amino acids. Soil microbes decompose 
these to ammonium salts. Then certain 
bacteria oxidize the ammonium to form ni- 
trite and nitrate salts by the process called 
nitrification. Plants can use both ammon- 
ium and nitrate and absorb these sub- 
stances from the soil solution. 

Leguminous plants, such as alfalfa, 
clover, cowpeas, beans, and lupines, get 
essential nitrogen compounds from bacte- 
ria that live in nodules on the plants’ roots. 
These nitrogen-fixing bacteria obtain free 
nitrogen from air in the soil and synthesize, 
or fix, it in complex forms, which are then 
absorbed by the legumes. When the leg- 
umes die, their nitrogen-containing tissues 
become part of the soil’s organic matter. 
Other bacteria take nitrogen from the air 
found in the soil and incorporate it into 
their bodies. When they die, they decom- 
pose, releasing nitrogen compounds for use 
by higher plants. Small quantities of nitro- 
gen, in the form of ammonium and nitrate, 
are brought to the soil by rain water. These 
compounds have been produced through 
electrical activity in the atmosphere. 

Phosphorus occurs in the soil in the 
mineral apatite and in phosphates of cal- 
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cium, iron, and aluminum. It is also found 
in various organic compounds. It is re- 
leased from these materials as various 
chemical changes occur. Phosphorus is 
taken up by roots in the form of phosphate 
ions. 

Sulfur is found in the minerals pyrite 
and gypsum. These minerals are decom- 
posed chemically and the product is acted 
on by soil bacteria. Sulfates that can be 
absorbed by plants then become available. 

Potassium, calcium, and magnesium 
are metals. Potassium is contained in feld- 


Diagram indicating the complex relationships of water, minerals, or- 


ganic matter, and microorganisms in the soil. 
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spar and mica; calcium in feldspar, amphi- 
bole, calcite, and dolomite; magnesium in 
mica, amphibole, dolomite, and serpentine. 
As these minerals react with water or with 
other substances in the soil, they liberate 
potassium, calcium, and magnesium ions, 
which all have a positive electric charge 
Humus and clay soil particles normally car 
ry a negative electrical charge. They attrac! 
the positively charged ions, which are ab- 
sorbed on the surface of the soil particles. 
When carbonic acid and other acids 1i 
the soil ionize, they free positively charged 
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hydrogen ions. If these are present in quan- 
tity, they replace the potassium, calcium, 
and magnesium ions on the soil particles, 
since hydrogen ions are more strongly at- 
tracted to the particles than are other posi- 
tively charged ions. 
If hydrogen ions are not numerous, the 
potassium, calcium, and magnesium ions 
emain on the surface of the soil particles. 
Root hairs come into contact with the parti- 
les, but they cannot at once absorb the 
netallic ions that have collected there. A 
triking phenomenon now takes place. A 
eries of chemical reactions occur at the 
yundary where root tissues and soil parti- 
es meet. As a result, positively charged 
ydrogen ions are formed. These ions are 
itracted to the negatively charged soil par- 
ies, thus driving away the potassium, 
‘cium, and magnesium ions, which are 
n absorbed by the root hairs. 


\TER AND AIR IN SOILS 


The water contained in soil is essential 
or chemical and other activities that take 
ce there, as well as for the functioning of 
int life. The abundance or lack of soil 
vater depends on many factors. Among 
em are the quantity of rain, snow, and 
ier forms of precipitation; the ability of 
il particles to hold on to moisture; the 
ount of drainage; the slope of the soil 
rface; the amount of water removed by 
lants; and the amount lost by evaporation. 
Water enters soil and circulates 
through it by way of the innumerable 
spaces between the soil particles. Earth- 
worms, insects, moles, rodents, and other 
burrowing animals provide other paths for 
water in the soil. So do the roots of plants 
when they die and decay. After a heavy 
rain or quick thaw of snow or ice, a great 
deal of water percolates downward through 
all these channels under the influence of 
gravity and is generally lost to the surface 
soil. This water is unavailable to plants 
except as it passes over their roots in its 
passage. If the water moves rapidly, it is 
likely to wash down plant nutrients — espe- 
cially nitrate, sulfate, calcium, and potas- 
sium ions — with it. 
Some of the soil water is held in the 
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form of a surface film by the soil particles. 
This is called capillary water, since it ad- 
heres to the particles through an attraction 
known as capillary force. Capillary water 
forms the true soil solution. It is readily 
absorbed by roots, and in it nutrient sub- 
stances, available for plants, are dissolved. 

The air in soil is also important. Atmo- 
spheric air is a mixture of gases: about 21 
per cent oxygen, 78 per cent nitrogen, and 1 
per cent of other gases, including a small 
amount of carbon dioxide. These gases are 
adsorbed on the soil particles, dispersed 
through the pore spaces, or dissolved in the 
soil solution. 

Roots and soil organisms require oxy- 
gen for respiration. Roots need it, too, in 
order to absorb nutrients and water ade- 
quately. Oxygen is essential for various ac- 
tivities of bacteria in the soil, including the 
important activities of nitrogen fixation and 
nitrification. Because of these oxygen re- 
quirements, the amount of the gas is usually 
lower in the soil air than in the outside 
atmosphere. If the soil is porous, this 
imbalance may be somewhat lessened, 
as oxygen diffuses into the soil from the 
atmosphere. 

Carbon dioxide is much more concen- 
trated in the soil and tends to diffuse to the 
outside. As for the nitrogen that forms the 
principal part of air, it is important in the 
soil only as it is fixed by bacteria. 

In a soil where plants are to flourish, 
there must be a suitable balance between 
water and air. If the soil is waterlogged, 
there is not enough air in it. As a result, 
roots and soil organisms suffer. If the water 
supply is inadequate, the essential chemical 
processes that take place in the soil are 
slowed, and food manufacture and growth 
are impeded. 

Any exposed soil is subject to the 
hazards of erosion if it is not provided with 
an adequate cover of vegetation. Soils such 
as ultisols, which occur mainly in forested 
tropical regions, are especially fragile. 
When divested of their forest cover, they 
are subject to the effects of alternate wet- 
ting and drying. As a result, the clay-rich 
soils become soft and doughy and then 
harden to a slaglike material. 
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BACTERIA 


by Harry J. Fuller 


For many years, the harmful part 
played by bacteria in the transmission of 
diseases has been thoroughly publicized. 
Bacterial diseases such as tuberculosis, tet- 
anus, diphtheria, and cholera have taken 
millions of lives. As a result, many people 
think of all bacteria as enemies of man- 
kind—lurking in our food and drink, on the 
ground, and in the air, waiting to pounce up- 
on us, their victims. However, we shall see, 
the benefits that we derive from bacteria 
on balance outweigh the harm some of 
them may do. 

Bacteria have a wider distribution than 
any other living organisms. They occur in 
large numbers in air, soils, and water. They 
live in and on the bodies of other living or- 
ganisms, and in dead and nonliving organic 
materials such as cadavers, dung, garbage, 
humus, and milk. Bacteria have been found 
at depths of many meters in soils and also in 
the ooze of ocean beds, far below the sur- 
face of the sea. 

Early investigators of bacteria thought 
of them as tiny animals and generally 
grouped them together with the microscop- 
ic animals called protozoans. Later they 
came to be regarded as plants by many bi- 
ologists and were classified under the name 
Schizomycophyta. This means ‘‘fungus 
plants that divide,” and refers to the most 
common method of reproduction among 
bacteria. 

However, the exact relationship of 
bacteria to the fungi, and to other plant 
groups as well, was uncertain. Today the 
bacteria are grouped with the blue-green 
algae in their own kingdom (Monera), dis- 
tinct from plants and animals, on the basis 
of particular characteristics that they share. 
The cells of both bacteria and blue-green 
algae lack definitely organized nuclei. 
There is no nuclear envelope; the genetic 
material is contained in one long molecule 
that takes a circular shape. Both bacteria 
and blue-green algae reproduce themselves 
mainly by fission. Also, some blue-green 
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algae have shapes resembling those of bac- 
teria. Some are colorless, which is also a 
characteristic of bacteria. 


GENERAL CHARACTERISTICS 


Most bacteria are one-celled an 
isms of extremely small size. They ly 
exceed 0.005 millimeter in their great li- 
mension. Some average only 0.00015 milli- 


meter. They are the smallest known living 
organisms (excluding viruses, which may 
or may not be living organisms). Th in 
be observed only under microsco; of 


very great magnifying power. 
There are three common ba al 


body forms: spherical or ovoid ( us 
forms), rod-shaped or cylindrical (b us 
forms), and spiral or screw (si m 
forms). Some species of bacteria have 
much-branched, threadlike bodie ut 
these species are few in comparis« ith 


those that take the form of spheres, rods, 
or spirals. 
A bacterium has a very thin cel! wall, 


consisting chiefly of cellulose or chitin. 


This is often surrounded by a slimy, trans- 
parent capsule, secreted by the bacterium 
itself. Within the cell wall is a mass of the 
living material called protoplasm. When ob- 


served under the optical microscope, which 
uses ordinary light, bacterial protoplasm 
appears simple in structure. However, 
research with the electron microscope, 
which uses beams of electrons, indicates 
that this protoplasm is as complex as that 
found in other plants. 

Bacteria that live in liquids often have 
long, threadlike processes called flagella. 
Rhythmic movements of its flagella propel 
a bacterium through the liquid, usually in a 
twisting fashion. The numbers and arrange- 
ment of flagella vary greatly in the different 
species of bacteria and are used as a basis 
for identification. A few species of mobile 
bacteria lack flagella. They move about by 
eek. twisting movements of the entire 
cell. 


BACTERIAL REPRODUCTION 


Reproduction in bacteria is largely 
asexual. Most bacteria reproduce by fis- 
sion. This is a simple process of cell divi- 
sion, in which one bacterium splits into two 
new ones. Fission may occur with incredi- 
ble rapidity—as often as every 15 or 20 
minutes under particularly favorable condi- 
tions of temperature, moisture, and food 
supply. 

It is estimated that within the space of 
24 hours a cholera bacterium, reproducing 
by fission at its most rapid rate, could 
produce an enormous number of offspring 
weighing more than 2,000 metric tons. This 
extraordinary rate of reproduction is only 
theoretically possible. For one thing, there 
would not be nearly enough food or mois- 
ture in any one place for such enormous 
numbers. 

There are other asexual methods of 
InstivtPosteur, Pos bacterial reproduction. For example, some 
species form very tiny structures called 
spores (one spore per bacterium). This 
method of reproduction is often, but not 
always, the consequence of certain envi- 
ronmental conditions, such as temperature 
extremes or inadequate food supply. Such 
conditions do not favor the active, vigorous 
growth and fission of bacteria. A spore is 
usually formed by the condensation of pro- 
toplasm within a bacterial cell into a spheri- 
cal or egg-shaped body. Spores have a 
lower water content than active bacterial 
cells. Because of this, they are more resis- 
tant to unfavorable environmental condi- 
tions than are active bacteria. Pasturizing 
milk, for example, kills most of the active 
bacteria present. But the bacterial spores in 
the milk survive the heat treatment. Fortu- 
nately, most of the bacteria that cause seri- 


A i æ ~ ous diseases in human beings do not form 
a resistant spores. 

e æ When bacterial spores encounter fa- 

ao @ t è vorable conditions of temperature and food 

n . There are three common bacteria body shapes. 


bat oat Spherical or ovoid forms (upper left) are known as 

cocci. Spiral or screwlike forms (middle left) are 

j known as spirilla. Rod-shaped or cylindrical forms 

? h | $ (lower left) are known as bacilli. The streptococci 
j a 6 ` 


bacteria (upper left) have joined to form a long 
chain. 
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supply, they germinate, or sprout. Each 
spore then grows into an active bacterium. 
Since only one spore is produced per bac- 
terium, no increase in the total number of 
bacteria results from the formation and 
germination of spores. 

Some bacteria are also known to ex- 
hibit a type of sexual reproduction. Mem- 
bers of certain species contain a viruslike 
agent known as the fertility, or F, factor. 
The cell containing this factor is designated 
F+ and called “male.” The cell lacking it is 
designated F— and called “female.” During 
a type of mating known as conjugation, 
male and female bacteria attach themselves 
by means of a bridge. The male then trans- 
fers the F factor to the female. The bacteria 
then separate and each undergoes fission. 
This unusual type of reproduction in bacte- 
ria permits a certain amount of recombina- 
tion of hereditary material in bacteria. The 
bacteria that are produced after conjuga- 
tion contain hereditary material from both 
“parents.” 


MAKING AND GETTING FOOD 


Most bacteria are unable to manufac- 
ture their own foods. Instead, they feed on 
organic compounds manufactured by other 
organisms. Such bacteria are given the 
name heterotrophic, which means “other 
nourishment” in Greek. 

Heterotrophic bacteria that derive 
their food from dead plant and animal 
bodies or from dung and other waste prod- 


Electron micrograph of streptococci. The scale at 
lower left indicates 1 micron, or approximately 
1/10,000 of a centimeter. 


Dr. Stuart Mudd, Society of American Bacteriologists 
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ucts of organisms are known as sapro- 
phytes. Other heterotrophic cteria, 
called parasites, obtain food directly from 
the tissues of living plants or livin imals. 
This is really another way of sayin it the 
plants or animals in question have a bacteri- 
al disease. Many bacterial sp are 
exclusively saprophytes. Others ex- 
clusively parasites. Still others live 
saprophytically or parasitically, d iding 
upon the nature of the environ: and 
the organic materials available to t 

Many heterotrophic bacteri cos- 
mopolitan in their tastes, feedin ma 
variety of organic compounds. © pe- 
cies are highly selective. Certair eria, 
for example, feed mainly on ose. 
Others ingest only sugars. Som« isitic 
bacteria live only on blood. Othe don 
specific tissues of animal or plant E 

Like other organisms, bac pro- 
duce regulatory chemicals calle« nes. 
These promote digestion —that is on- 
version of complex, water-insolu jods 
into simple, water-soluble foods 

A few bacterial species ar > to 
manufacture foods from simple zanic 
substances such as carbon dioxide. Such 
bacteria are called autotrophi: self- 
nourishing. There are two kinds uto- 
trophic bacteria: chemosynthet and 
photosynthetic. Chemosynthetic bacteria 
obtain the energy required for food manu- 
facture by oxidizing (combining with 
oxygen) various chemicals. Photosynthetic 


bacteria contain purple or greenish pig- 
ments that enable them to absorb and use 
light energy in food manufacture. This 
process of photosynthesis involves pig- 
ments somewhat different from the chlo- 
rophyll of higher plants. 

The chemosynthetic bacteria are par- 
ticularly important in the scheme of nature. 
Sulfur bacteria, for example, convert hy- 
drogen sulfide, a product of protein decay, 
to sulfur and then to sulfuric acid. The acid 
undergoes chemical reactions in soils to 
form sulfates, which are the principal 
source of the sulfur needed by higher plants 
for normal growth and reproduction. Iron 
bacteria oxidize certain types of iron com- 
pounds into other iron compounds. The 


Institut Pasteur, Poris 


oduction in bacteria. Upper left: bacteria re- 
Jucing asexually by fission, Upper right: sexual 
»duction in bacteria. Lower right: bacteria with 
s in their protoplasm. Under favorable condi- 
the spores will germinate, developing into 

> bacteria. 


ey they derive from this oxidation is 
| in building foods from carbon dioxide. 
compounds formed by iron bacteria 
deposited in ropy, rust-colored masses, 
ch often appear in springs, water pipes, 
reservoirs. Nitrifying bacteria are 
mosynthetic bacteria that live in soils 
| that make nitrogen available to higher 


PIRATION IN BACTERIA 


Bacteria resemble all other living orga- 
nisms in their ability to carry on respira- 
ion—that is, the chemical breakdown of 
foods and the release from these foods of 
the energy used in growth, reproduction, 
and other vital activities. 

Most bacteria, like most plants and 
animals, use free oxygen from the atmo- 
sphere in respiration and produce carbon 
dioxide and water as a result of the process. 
Such bacteria are called aerobic, which 
means “living in the presence of oxygen.” 
They can live only when they have access 
to free oxygen —for example, in aerated soil 
and water, on the surface of other living 
organisms, or on the surface of foodstuffs. 

Other bacteria maintain respiration in 


Institut Posteur, Paris 
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Institut Pasteur, Paris 


the absence of free oxygen. They are called 
anaerobic (living away from oxygen). They 
thrive in sealed, imperfectly sterilized cans 
of food, in the bodies of other organisms, 
and in poorly aerated soils and water. The 
respiration of such bacteria is commonly 
called fermentation. 

The products of anaerobic respiration, 
or fermentation, are carbon dioxide or 
other gases and a variety of organic com- 
pounds. These compounds include ethyl 
alcohol, lactic acid (produced, for example, 
in sour milk), formic acid (responsible for 
various types of food poisoning), and butyr- 
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Society of Americon Bocteriologiats 
Escherichia coli dividing. Many virus particles, 
known as phages, are attached to the bacterial 
wall. 


ic acid (which causes the disagreeable odor 
of rancid butter). The swelling of cans con- 
taining imperfectly sterilized foods is the 
result of the pressure of gases formed 
by bacterial fermentation. Foods in such 
swollen cans should never be eaten. 

Some bacteria are able to respire either 
aerobically or anaerobically, depending 
upon whether or not free oxygen is avail- 
able. The energy released from foods in 
both aerobic and anaerobic respiration is 
chiefly in the form of chemical energy. A 
certain amount of heat energy is also re- 
leased. When damp hay is stored in a poor- 
ly ventilated barn, the respiration of the 
bacteria growing on the hay may cause heat 
energy to accumulate to a dangerous ex- 
tent. Under such circumstances the hay 
may suddenly burst into flames. Many ap- 
parently mysterious fires may be traced to 
heat energy released by bacteria. 


HARMFUL BACTERIA 


Certain bacteria rank high among our 
deadliest enemies. These are the disease- 
causing, or pathogenic, bacteria. They are 
responsible for such human diseases as 
tuberculosis, typhoid fever, some types of 
pneumonia, meningitis, tetanus, cholera, 
diphtheria, leprosy, several types of dysen- 
tery, and various wound infections. They 
cause diseases among domesticated ani- 
mals — tuberculosis, anthrax, fowl cholera, 
pneumonia, and glanders, among others. 
They are responsible for various diseases 
of crop plants, such as fire blight of pears, 


BACTERIA 


citrus canker, tomato and potato wilts, po- 
tato blackleg, and soft rot of celery. These 


diseases result in tremendous crop losses 
throughout the world’s agricultural areas. 
Bacteria also ruin great quantities of 
foodstuffs. They cause souring milk, 
rancidity of butter, and spoilag both 
fresh and canned fruits and vegetab'es. The 
toxins, or poisons, of bacteria i rtain 
spoiled foods may result in plome ne poi- 
soning, botulism, and other typ: food 
poisoning. Fortunately there are various 
methods of preventing or at leas ucing 


bacterial activity in foods. Heat riliza- 
tion, refrigeration, and deep-freez reall 


effective. So is desiccation, or t rying 
of foods. Since bacteria usual! quire 
considerable quantities of wate: their 
activity, they cannot grow, reproduce, and 
respire in dried foods. Food ma o be 
protected against bacteria by add hem- 
icals that are harmless to human | s but 
poisonous to bacteria. 

Some bacteria cause the decomposi- 
tion of fabrics, wood, and other p: ts of 
organic origin. This is most c on in 
tropical regions, where excessive heat is 
combined with high relative humic 
BENEFICIAL BACTERIA 

The harmful activities of bacteria 
(harmful, that is, from our viewpoint) are 
more than offset by other activities that are 


directly or indirectly beneficial to mankind. 

Bacteria play an important part in the 
production of many foodstuffs. Among 
those foods are vinegar, certain types of 
cheese, and sauerkraut. Fermented plant 
tissues produced through bacterial action in 
silos form ensilage, which is fed to live- 
stock. Various valuable organic chemicals 
are also the product, at least in part, of bac- 
terial action. Among these are acetone, 
which is widely used in industry; butanol, 
which serves as a solvent for lacquers; and 
vitamins. 

The activities of certain bacteria result 
in the retting, or rotting, of pectins and 
other carbohydrate materials that cement 
together the fibers in the stems of flax and 
hemp and in coconut husks. The retting 
process causes these valuable fibers to sep- 


arate from the tissues that surround them. 
The fibers are later dried, spun, and woven. 
The retting is accomplished by submerging 

bundles of cut stems or coconut husks in 
ater, or by allowing bacterial action to 
sroceed in piles of dew-soaked stems in the 
elds. 

Bacteria cause the decomposition of 
sad plant and animal bodies and of the 
istes of living organisms. They break 
own the proteins, fats, carbohydrates, and 
ier complex organic substances of these 

terials and transform them into carbon 
oxide, ammonia, and other simple inor- 
nic compounds. In this way, bacteria rid 
earth of organic debris. They also re- 
re to soil and air the simpler compounds 
hat green plants require for food manufac- 
ind, hence, for their existence. 

Green plants make organic foods out 
f these inorganic substances of air and 

They build these foods into their own 

toplasm and cell walls. Animals obtain 

) foods by eating plant tissues, by de- 

iring plant-eating animals, or by feeding 
other carnivores that prey on plant- 
ting animals. Without bacteria, the sup- 

s of inorganic raw materials required 
r the synthesis of organic foods would 
von become exhausted, for these raw 
naterials would be locked up in dead plant 
od animal bodies. Both plant and animal 
> would come to an end. 

Certain exceedingly important nitro- 
gen transformations are due to bacteria that 
live in the soil. These transformations en- 
sure a continuing supply of nitrogen, in the 
form of nitrates, to plants. This is a vital 
matter, since nitrogen is essential to plant 
life. Ammonifying, nitrifying, and nitrogen- 
fixing bacteria are involved in nitrogen 
transformations. 

Ammonifying bacteria transform vari- 
ous organic compounds, derived from dead 
plants and animals and their wastes, into 
ammonia. There are two kinds of nitrifying 
bacteria: nitrite bacteria, which convert 
ammonia into nitrites, and nitrate bacteria, 
which transform nitrites into nitrates — the 
nitrogenous, or nitrogen-containing, com- 
pounds most readily absorbed and utilized 
by most green plants. 


Nitrogen-fixing bacteria convert nitro- 
gen gas into compounds that the plants can 
absorb. The nitrogen-fixing bacteria include 
the so-called nodule bacteria, which inhabit 
the roots of legumes (clovers, alfalfa, soy- 
beans, peas, cowpeas, and so on) and a few 
non-leguminous plants. The bacteria enter 
the roots of the plants through root hairs in 
the soil. As they grow and develop, nodules 
are formed. Nodules are more-or-less glob- 
ular lumps that are large enough to be seen 
with the unaided eye when the roots of 
legumes are carefully freed of adhering soil. 


Tetanus bacillus, an example of a bacterium with 
threadlike bodies extending from it. 


Institut Pasteur 


The tuberculosis bacillus, Mycobacterium tuber- 
culosis, magnified something like 17,000 times. 
E, R, Squibb and Sons 
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AN EXAMPLE OF SYMBIOSIS 


A nodule on a legume root consists in 
part of bacteria, in part of root tissues. The 
association between roots and nodule- 
forming bacteria is an example of symbiosis 
—a state in which two organisms, living 
together, are mutually beneficial. The roots 
of legumes supply carbohydrates and other 
foods to the bacteria. These organisms, in 
turn, through their ability to fix nitrogen 
gas, provide the roots with nitrogenous 
compounds, If the bacteria are separated 
from the roots, they cannot fix nitrogen at 
all, or else fix it ineffectively. 

Root nodules excrete organic nitrogen 
compounds into the soils in which nodule- 
bearing plants grow. Thus they increase the 
nitrogen content of the soil and increase its 
fertility. The practice of crop rotation, in 
which one of the crops consists of legumes, 
is followed in part to increase the nitrogen 
content of agricultural soils. 

The different varieties of nodule bacte- 
ria seem to be widely distributed in the soil. 
When a farmer plants alfalfa, or sweet clo- 
ver, or cowpeas in a field, the roots of these 
plants usually develop nodules, because 
their roots come in contact with the natural- 
ly occurring nodule bacteria of the proper 
variety. 

Commercial bacteriological labora- 
tories sell preparations containing different 
varieties of nodule bacteria. Using such 
preparations, farmers inoculate seeds of 
leguminous crops before planting them. 
They can then be reasonably sure that there 
will be a high degree of nodule formation in 
the roots of these crops. 


INTESTINAL BACTERIA 


Bacteria play a vital part in the break- 
down of foods in the digestive organs of 
various animals, Cattle and horses, whose 
diet consists entirely of plant tissue rich in 
cellulose, do not produce cellulose-digest- 
ing enzymes. Therefore they cannot digest 
cellulose without the help of bacteria. The 
anaerobic bacteria that live in the intestinal 
tracts of such animals digest cellulose mate- 
rial, which may be as much as one-third the 
total mass of the grasses eaten, and produce 
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simpler substances. These can be ebsorbed 
through the intestinal walls and thus used 
as a source of nourishment. Bacteria occur 
in enormous numbers in the intes 


of cattle, horses, and sheep, 
dropped in great numbers with the — ces. 

Certain intestinal bacteria are impor- 
tant to the animals in which the» live for 
another reason. They produce an secrete 
certain essential vitamins, notabiy vitamin 
K and vitamin B,,. 

Bacteria also occur in the human diges- 
tive tract, promoting the digestion of cer- 
tain foods and furnishing vitamins On the 
average, about 40 per cent of the mass of 
human feces consists of these bacteria, 
chiefly a rod-shaped bacterium named 
Escherichia coli. When Escherichia coli 
appears in water, milk, and foodstuffs, it is 
usually assumed that these substan. es have 
been contaminated with human feces or 
sewage. 

ANTIBIOTICS AND VACCINES 

Certain bacteria produce antibiotic 
drugs that are extremely valuable in treat- 
ing various diseases of human beings and 
other mammals. Among the important anti- 
biotics produced by bacteria are sircptomy- 
cin, which is especially effective in ‘reating 
tuberculosis and tularemia; and omy- 
cin and terramycin, both highly effective in 
cases of intestinal, urinary, and other inter- 
nal infections, and certain types of pneu- 
monia and influenza. It should be noted that 


the most widely publicized antibiotic, peni- 
cillin, is produced by a fungus, not by a bac- 
terium. 

Some kinds of pathogenic bacteria are 
used to make vaccines and serums. These 
are then used to prevent or treat diseases 
caused by the same bacteria. 

A bacterial vaccine is a preparation of 
dead or weakened bacteria or bacterial 
products. It is injected into an animal body. 
The vaccine stimulates the animal to pro- 
duce substances called antibodies in its 
blood. If active bacteria of the same kind as 
the injected bacteria enter the body at a la- 
ter date, they are held in check or destroyed 
by the antibodies. The antibodies may per- 
sist in the blood for long periods of time, 


kenaf fibers. Bacterial action is involved in this process 


rring upon the animal a type of dis 
resistance called immunity, This ac 
is similar to that which occurs when an 
il has had a disease and has recovered 
n it. During its diseased state, the ant 
| produces and accumulates antibodies, 
h then prevent the later development 
bacteria of the same type in its body 
munity following an attack of typhoid 
r or cholera, for example, usually per 

ts throughout the life of the individual 
Bacterial vaccines are used chiefly in 
nmunizing human beings and domesticat 
! animals against such diseases as diph 
theria, cholera, and typhoid fever. When a 
vaccine is injected into an animal it gives it 
ı very mild form of the disease that these 
same bacteria would cause if they entered 
the animal's body in an active and unweak 
ened condition. For example, the fever 
digestive upsets, and headaches that often 
result when typhoid vaccine is given are 
actually symptoms of a very light attack of 

typhoid fever 


A serum is a preparation from the 
blood of an animal that has been inoculated 
with bacteria (or other disease-producing 
agents) and has recovered from the disease 
that these bacteria or other agents cause 
Blood is removed from the animal and is 
cleaned and sterilized; the serum is then 
separated. This contains antibodies that the 
animal formed as a consequence of the dis 
ease that attacked it, The serum, injected 
into another animal, confers immunity upon 
that animal, should disease bacteria enter it 
Serums are especially effective in treating 
or preventing tetanus, diphtheria, meningi 
tis, and some forms of pneumonia 

Since the antibodies that develop in the 
blood following inoculation with a vaccine 
are produced by the animal thus inoculated 
the type of immunity that results is called 
active immunity. \n the use of serums, the 
animal that receives the serum acquires its 
immunity from the antibodies produced in 
the blood of another animal. Immunity of 
this type is called passive immunity 
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Disease-producing bacteria, of course, 
may be held in check by substances other 
than vaccines and serums. Sulfa drugs and 
antibiotics destroy many disease-carrying 
bacteria within animal bodies. Certain 
highly toxic chemicals, such as mercuric 
chloride, iodine, and carbolic acid, may be 
used on body surfaces to kill bacteria. Such 
chemicals cannot be taken internally be- 
cause they are poisonous to body tissues. 


CULTIVATING BACTERIA 


Bacteria are extensively cultivated in 
the laboratories of medical schools, hospi- 
tals, medical research institutes, and uni- 
versities, as well as in commercial labora- 
tories and factories that produce antibiot- 
ics, useful organic chemicals, cheese, prep- 
arations of nodule bacteria, and other eco- 
nomically valuable bacterial products. 

The careful cultivation of bacteria 
makes it possible for researchers to carry 
on the fight against bacterial diseases and 
for manufacturers to make the products in 
which bacteria play a part. 
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A photograph of jÍ 
Lactobacilli, whic 1 
rived from huma 

They grow in a sha 

dish, in which tt 

mixed with gelatin 


Society of American Bacteriologists 


Great care must be taken in cul ng 
bacteria. There is danger involved in- 
dling disease-producing species. A or 


many purposes, bacterial cultures r be 
kept pure. A pure culture contains « he 
desired species of bacterium that eing 
studied or utilized. It is not contar ed 
by other types of bacteria. 

Most bacteria that are important in 
medicine and commerce are heterotrophic 
and therefore cannot synthesize their own 


food. They must be supplied with organic 
nutrients, such as carbohydrates, proteins, 
fats, and vitamins. ini 

The solid-medium technique is used 
more widely than any other in cultivating 
bacteria. In this method, the requisite foods 
are mixed with gelatin or agar, a gelatinlike 
material produced by some species of red 
algae, which has been stirred into boiling 
water to form a viscous liquid mixture. The 
mixture is sometimes poured into shallow 
dishes called Petri dishes. These are 
equipped with covers that admit air but 
prevent entry of dust and bacteria from the 


atmosphere. Sometimes the mixture is put 
into glass flasks or other types of con- 
tainers. 

The containers are sterilized for 15 to 
30 minutes under pressure in order to kill 
y bacteria or bacterial spores that may 
ve fallen into the mixture or the con- 
tainers during the preparation of the me- 
dium. The containers are then removed 
vom the sterilizers and allowed to cool. 
suring the cooling process, the gelatin or 
ır becomes firm in the same way as a gel- 
tin dessert. It is then ready to serve as a 
arden” in which the growth of bacteria 

n take place. 
The bacteria are placed on the surface 
f the solid medium by means of a sterile 
edle. The bacteria are obtained from a 


»hoid fever bacilli 


Institut Posteur, Paris 


Streptococcus bacteria responsible for many dis- 
eases 
Institut Pasteur, Paris 


variety of sources: older cultures, soil, 
foods, infected plant or animal tissues, and 
the like. Despite all precautions, foreign, 
unwanted bacteria sometimes enter a cul- 
ture. In that case the culture is useless be- 
cause it is not pure and it has to be de- 
stroyed. 

Different species of bacteria require 
different cultural treatment. For example, 
anaerobic bacteria must be grown in con- 
tainers from which oxygen can be exclud- 
ed. Some bacteria require cellulose in the 
growth medium; others, blood proteins; 
still others, amino acids, vitamins, or other 
organic compounds. Certain bacteria are 
grown in liquid solutions of nutrients, rath- 
er than in semisolid media of the gelatin 


type. 


Bacteria that cause pneumonia 


Institut Pasteur, Paris 


bad 


23, 


Institut Pasteur, Paris 
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ALGAE 


by M. H. Berry 


Microscopic glasslike cells found in 
almost all the waters of the world; scum on 
the surface of stagnant pools; bluish green 
streamers attached to rocks in the vicinity 
of waterfalls; immense ribbons of seaweed 
found on offshore rocks—these are repre- 
sentative forms of the algae. Most belong 
to the subkingdom of the Thallobionta (the 
thallophytes). Members of this group lack 
roots, stems, and leaves and are by all odds 
the most primitive of all plants. In one im- 
portant respect, however, the algae resem- 
ble higher plants. They possess the green 
pigment called chlorophyll. With this pig- 
ment, which absorbs the radiant energy of 
the sun, they can manufacture food by the 
process of photosynthesis. 

Algae are chiefly water plants, dwell- 
ing in oceans, seas, lakes, ponds, rivers, 
ditches, and other bodies of water, large 
and small. Some species, however, are 
found on stones, the bark of trees, fences, 
and so on—generally moist environments 
that are not subjected to direct sunlight. 
The algae are infinitely varied in size and 
shape. Some consist of individual micro- 
scopic cells. Others form flat sheets, nar- 
row filaments, or immense — stemlike 
structures that may be more than 30 meters 
long. Certain algae have growths that strik- 
ingly resemble the leaves of higher plants. 

These primitive organisms are divided 
into seven primary divisions—one division 
of the Kingdom Monera and six divisions 
of the Plant Kingdom. 


BLUE-GREEN ALGAE 


These slimy algae make up the mone- 
ran division Cyanophycota. They contain a 
blue pigment, phycocyanin, in addition to 
chlorophyll and other pigments. Most have 
a dark blue color; others range from orange 
to black. 

Many species of blue-green algae are 
one-celled. The cells are very simple and 
show no definite nuclei. Other species form 
colonies. In these, one-celled algae are 
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Oscillatoria, a primitive, filamentous, blue-green 
alga that can move about in a wavelike manner. 


Grant Heilman 
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The blue-green alga Anabaena, showing colonial 
organization. The chains are called trichomes. 


Left: diatoms, a particularly large one in the center. 
Deposits of these golden brown algae have many 
commercial uses. 


joined together to form threadlike fila- 
ments, sheets, or balls. The cells of the co- 
lonial algae are generally held together in a 
mass of sticky slime secreted by the indi- 


vidual cells. The blue-green algae repro- 


duce only by asexual means. 

Blue-green algae are found wherever 
there is ample moisture, in almost all parts 
of the world. They often contaminate drink- 
ing water, causing a very disagreeable odor 
and taste. The hot springs of Yellowstone 
National Park, in the western United 
States, are highly colored because of their 
presence. Curiously enough, they bring 
about the characteristic reddish color of the 
Red Sea. Blue-green algae are found in the 
snows of the Arctic. Some species thrive in 
the digestive tract of human beings and the 
lower animals, apparently without causing 
ill effects. Certain members of the group, 
including Gloeocapsa and Nostoc, have 
formed a partnership with fungi, making up 
the separate group of organisms known as 
lichens. 

Gloeocapsa, however, is generally 
found in the form of single cells. It some- 
times forms colonies consisting of three or 
four cells enclosed in a gelatinous sheet. 
Eventually, these colonies break up into 
single individuals. Gloeocapsa usually 
occurs as a slimy coating on damp walls 
and rocks. 

Oscillatoria is perhaps the commonest 
of the filamentous blue-green algae. It con- 
sists of a long, threadlike filament made up 
of separate rectangular cells, like so many 
dominoes placed side by side. Cell division 
at either end of the filament causes it to 
become longer. Often, gelatinous partitions 
are formed at several places within the 
filament, and the chain is ultimately broken 
up into several shorter ones. These contin- 
ue to produce new cells until each new 
chain reaches the proportions of its parent 
chain. 

Oscillatoria is one of the few algae that 
can move about. It has a wavelike, gliding 
motion. Biologists cannot account for this 
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motion, since the organism does not have 
the structures that often bring about motion 
in primitive plants and animals. It has no 
whiplike flagella, cilia, or hairlike struc- 
tures. 

Oscillatoria is found wherever there is 
ample moisture. Often it can be seen float- 
ing in great profusion on the surface of 
lakes and ponds, forming the so-called 
“‘dog-day waterblooms.’’ One species is 
extremely abundant in moist soil and on 
flowerpots in greenhouses. 

Anabaena is a blue-green filamentous 
alga. It differs from Oscillatoria in that it 
cannot move. It is perhaps the most abun- 
dant alga in North America. Its cells are 
beadlike in form, and under the microscope 
Anabaena looks like an irregular strand of 
beautiful greenish beads. Anabaena is al- 
most wholly aquatic and is generally re- 


Euglena has a mixture of plant and animal features. 
They are motile, yet they possess chloroplasts. 
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stricted to freshwater. It is a favorite food 
of fish. This alga is often the chief offender 
when the water supply of small villag 
comes foul, with an unpleasant taste 
disagreeable odor. 


EUGLENA AND ITS RELATIVES 


These one-celled organisms ma! 
the Euglenophycota. They are gen 
green in color and swim about in the 
by means of flagella. (One group has n 
gella.) They vary in form. Some are sy 
ical. Others are egg-shaped or pear-sh 
Reproduction is generally by cell diy 
Sometimes considerable numbers of 
celled Euglenophycota form colo 
These algae, which are considered by 
anists to be plants, are often classific 
one-celled animals, or protozoa, by 7 
gists. 

The best known of the Euglenoph 
is Euglena, which is found in stagn 
ponds, swimming pools, and aquarii 
This minute green organism has a sing) 
gellum. It also has a minute red ‘‘eyespx 
which seems to be sensitive to light 
glena causes water to become greenish a 
cloudy, and often imparts an unpleasan 
vor. Water containing excessive quanti 
of this alga is considered to be undesii 
for drinking or swimming purposes. 


THE PYRROPHYTES 


These algae have pigments ranging ii 
color from yellowish to brownish. Not on! 
can they manufacture their own food in th 
presence of sunlight, but they also are able 
to store reserve supplies of food in the form 
of starch or compounds similar to starch 

The pyrrophytes are found in both 
ocean and fresh waters. Most species con- 
sist of a single cell and move about by 
means of one or two flagella. Some one- 
celled species, however, have no flagella 
and do not move. A certain number of pyr- 
rophytes are colonial, forming filaments. 
Like Euglena, pyrrophytes are included by 
zZoologists among the protozoans (phylum 
Sarcomastigophora). 


GREEN ALGAE 
The green algae, or Chlorophyta, are 


chiefly found in fresh water, though there 
are some marine representatives of the 
group. Certain forms have adapted to land 
ife. They grow attached to moss, rocks, 
rees, and soil in places where the environ- 
ent is not too dry. Occasionally these al- 
xe are found at high altitudes in patches of 
iow. Some species are one-celled. Others 
sym colonies. Still others are multicellular, 
the form of filaments (sometimes with 
merous branches) or flat sheets. The 
een algae reproduce in various ways: by 
| division, fragmentation (breaking off 
© fragments), or sexual reproduction. 
rtain species combine with fungi to form 
hens. 

The green algae have an important 
wing upon our lives, both for good and 
evil. In the course of their food-making 
ivity they add oxygen to the water, thus 
king more of this essential gas available 

fish and other organisms that form an 

ortant part of our food supply. They 

) serve as food for these creatures. On 

debit side of the ledger, the green algae 
wuse water pollution in lakes, tanks, 
iaria, and the like. They may impart un- 
\sant flavors and odors. If they grow too 

hickly, their respiration may seriously 

lower the oxygen content of the water. As a 
»quence, fish in the area may die of 
focation. Fortunately, it is possible to 
idicate unwanted green algae from swim- 
g pools and tanks by adding minute 
juantities of copper sulfate (CuSO,) to the 
water; generally one part of CuSO, to sev- 
eral million parts of water suffices. 

Among the most interesting of the 
green algae is Chlamydomonas. It is very 
common in ditches, pools, and lakes, and is 
often so abundant that the water appears to 
be green. It has also been found in the Alps 
and the Arctic, where it covers entire snow- 
banks. Chlamydomonas is a very primitive 
plant. Like so many other lowly forms of 
life, it can stand long periods of unfavorable 
environment. ‘ 

Chlamydomonas often occurs as a sin- 

gle cell that moves about by means of fla- 
gella at the anterior, or front, end. The mo- 
tion of this alga seems to be a pretty definite 
response to stimuli. For example, the plant 


moves toward moderate light and away 
from too much light. 

Single individuals of Chlamydomonas 
sometimes withdraw their flagella and di- 
vide into two cells, which remain within a 
single cell wall. In many instances this cell 
division will go on until there are a number 
of cells, all included within the same cell 
wall. The arrangement is temporary, how- 
ever. The individual cells ultimately break 
out of the wall, develop flagella, and be- 
come free swimmers. 

Each flagellated cell then swims about 
until it comes in contact with a free-swim- 
ming cell from another colony. The two of 
them fuse and their flagella disappear. We 
now have a single cell called a zygote, rep- 
resenting the union of two reproductive 
cells called gametes. If the environment is 


Green algae can reproduce sexually. This photo of 
Oedogonium shows the fertilized egg. The empty 
tube held the male gametes. 
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favorable —for example, following a spring 
shower—the zygote will divide and form 
four free-swimming cells. 

Ulothrix is a green alga that thrives in 
fresh-water streams, particularly in places 
where the water does not get too warm. 
This plant forms colonies in which its cylin- 
drical cells are set end to end in a green 
filament. At the bottom of each filament is a 
specialized cell called a holdfast. As the 
name indicates, this helps to anchor the 
plant to sticks and stones in the water. 
Sometimes the filaments are unable to at- 
tach themselves to anything, or else they 
fail to remain attached. In that case they are 
free floating. 

Reproduction is often carried on by 
asexual reproduction bodies called spores. 


Under certain conditions the protoplasm of 


the cell divides and forms spores. These are 
later freed from the cell, and swim about in 


Ulothrix, a filamentous green alga. Ulothrix an- 
chors itself to submerged objects by means of a 
holdfast cell. The holdfast is not able to reproduce. 
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the water by means of flagella. After a time 
they become anchored to solid objects in 
the water and the flagella are lost. Each sin- 


gle-celled spore then divides and divides 
again, until a new filament is formed 

In Ulothrix we also find alternation of 
generations, in which one gene n of 
plants produces spores and the following 
generation produces sex cells. One or more 
of the cells along a filament may produce 
gametes, or sex cells, in much the same way 
as spores are produced. After t are 
freed from the cell, the gametes swim about 
in the water. When a gamete cx into 
contact with a gamete from another colony, 
the two fuse and form a zygote later 
produces spores, each of which i pable 
of starting a new colony. 

Ulva, or sea luttuce, reprod n the 
same way as Ulothrix. It differs | the 
latter chiefly in the size of its colony. It 
Volvox, a colonial green alga. The sr veres 
within the large colonies are daught nies 


formed by the alga’s asexual reproduct 


forms a sheet two cells thick, several centi- 
meters wide, and perhaps 30 centimeters or 
yore in length. Ulva is usually found in salt 
water or on piling and rocks along the 
hore. It often forms part of the debris 
long the shore after a storm. It is used for 
»od in the Far East. 

Oedogonium is a fresh-water green 
iga that forms filaments. Some of these 
iments are free floating. Others are at- 
ched to solid objects in the water. Oedo- 
onium reproduces asexually or sexually. 
sexual reproduction, certain cells pro- 
e large egg cells. Others give rise to live- 
ittle male cells, provided with many cil- 
These male cells ultimately find their 

y to the egg cells, which they fertilize. 
(he green alga known as Volvox forms 
urious sort of colony—a hollow sphere 
le up of thousands of cells arranged side 
side. The tiny cells are provided with 
sila, which project beyond the outer 
ace of the sphere like fuzz on a peach. 
the flagella whip about in the water they 
the whole colony a rather definite ro- 


ucus, a brown alga. Mem- 

bers of this group are com- 
nonly called seaweed. The 
bloated sacs are reproduc- 
tive bodies. 


tating movement. There are often many 
smaller colonies within the parent colony. 
They remain enclosed until the older colo- 
ny ruptures. Volvox is a common alga of 
fresh-water ponds. It often serves as a host 
to microscopic animals called rotifers. 

Protococcus, often also called Pleuro- 
coccus, forms striking green layers on bark 
on the shady side of trees. It is definitely a 
land plant. It is often called an aerial alga. 
Protococcus has marvelous powers of re- 
sistance. It can survive prolonged periods 
of drought and temperatures as low as 
—40° Celsius. The cells are tiny, round, 
brilliant green objects, with one or two ir- 
regularly shaped chloroplasts (bodies con- 
taining chlorophyll). Protococcus is not 
equipped with flagella. It reproduces by 
asexual means. The daughter cells may 
remain attached to each other, forming col- 
onies of two to four cells. 

In Cladophora, the filaments are di- 
vided to form branches not unlike those 
found in some higher plants. Cladophora 
can be found in salt water and fresh water 
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alike at almost any time of the year. It 
seems to thrive under especially difficult 
conditions. It can be seen along rocky 
shores where it is constantly battered by 
the waves, or attached to boulders at the 
base of waterfalls, with the plant body ex- 
tending downstream for a meter or more. It 
has been found at the bottom of lakes and 
under ice on rivers. The cells of Cladophora 
usually contain more than one nucleus. 

The green scum seen on quiet pools, 
ponds, and lakes often consists largely of 
the green alga Spirogyra. This plant gets its 
name from the peculiar arrangement of its 
chlorophyll, which extends like a spirally 
twisted ribbon from one end of the cell to 
the other. Spirogyra is the genus of green 
algae commonly studied in elementary bot- 
any classes because the plant is easy to 
obtain and its cells are fairly large. It is used 
for food in some parts of the world, and it is 
a constituent of some lens paper. 
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Bladder kelp, Ner tis 
leutkeana, a browr 


Spirogyra is a filamentous plant, in 
which the cells are quite elongated. The 
colony is enlarged by cell division but the 
number of colonies is increased by a rudi- 


mentary form of sexual reproduction. 
When the filaments are lying close together, 
the adjacent cells develop protuberances. 
As these come into contact, the cell walls 
dissolve. The cell material from one cell 
(sometimes called the male cell) flows into 
the other cell (usually called the female cell). 
The two nuclei merge, and a zygote is 
formed. This secretes a thick wall and 
drops to the bottom of the pool. The zygote 
later develops into a new filament. Some- 
times a Spirogyra cell produces a cell simi- 
lar to a zygote without uniting with another 
cell. This zygotelike cell can produce a new 
filament in much the same way as a normal 
zygote. 

The desmids are generally considered 
to be one-celled relatives of Spirogyra, 


yecause they reproduce in the same way. 
fhey are among the most beautiful of all 
‘icroscopic plants. To the unaided eye 
iey are only tiny green specks. But under 
» microscope they rival snowflakes in 
ir infinite variety and their beauty of de- 
un. There are many different kinds of 
-smids. Perhaps the most striking of all is 
e jewellike Micrasterias. 
Desmids are found in almost any sun- 
rea in freshwater. Fine-meshed towing 
are often used to collect them. Also, it 
ften possible to obtain them by scraping 
bottom mud and debris of almost any 
Each desmid cell has a constriction in 
niddle, which makes it look at all times 
ı cell on the point of dividing. Some 
nids are united to form chainlike colo- 
Each cell of these colonies is sharply 
rentiated from all the others. Certain 
ids can move, after a fashion. 
\n unusual green alga is Vaucheria, 
ı is found in shallow water or in 
ips of damp soil. This plant has no dis- 
cell walls. Many nuclei are scattered 
ighout the protoplasm, just as in the 
of certain molds. It differs from the 
;, however, in that it has chlorophyll. 
so many other green algae, Vaucheria 
\duces both asexually and sexually. 
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The characteristic color of the brown 
gae, or Phaeophyceae (division Chromo- 
phycota), is due to a brown pigment, fuco- 

anthin, which normally masks the green 
lor of the chlorophyll in the tissues. 

Almost all brown algae are marine 
plants. They show considerable variety of 
structure. Some are in the form of fila- 
ments. Others are sheetlike or ribbonlike. 
Certain members of the group have struc- 
tures resembling the leaves and stems of 
higher plants. They are generally attached 
by means of holdfasts to rocks and other 
solid objects in the water. Many of them 
have hollow structures that hold air and 
that help the upper part of the plant to float 
on or not far below the water’s surface. 
Some brown algae are found only on the 
seashore, where they are alternately sub- 
merged and exposed to the air. These spe- 


cies are generally covered with a jellylike 
substance that holds water and prevents the 
plants from drying out while exposed to 
the air. 

In various brown algae there is alterna- 
tion of generations. At certain times of the 
year, parts of the plant develop spore-pro- 
ducing organs called sporangia. The spores 
that develop from these organs develop 
into plants that produce sex cells. These 
unite to form  spore-producing plants. 
Other brown algae form spores that func- 
tion as sex cells. 

The brown algae are of considerable 
commercial importance to man. They are a 
source of food for fish and other animals 
living in the sea. When removed from the 
sea, they are sometimes used as cattle feed. 
In the Far East and Europe, they often 


Laminaria (center), a kelp widely used as food, and 
bladder wrack, a species of Fucus. 
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serve as food for human beings. They are 
eaten fresh or dried, or made into soups and 
broths. Some species yield iodine. Others 
make excellent fertilizer. 

The brown algae known as kelps in- 
clude the largest members of the group. 
The giant kelp, Macrocystis pyrifera, is 
reported to be the longest plant in the 
world. Thriving at ocean depths of 15 me- 
ters or more, it often grows to be many 
meters wide and well over 30 meters in 
length. It is harvested in California as a 
source of algin, a gelatinous material often 
used to give body to ice cream and other 
desserts. 

Ribbon kelp, Nereocystis leutkeana, is 
often found along rocky shores and in 
shoals, where it is sometimes bothersome 
to small craft. The sea palm, Postelsia pal- 
maeformis, is confined to the northern part 
of the Pacific coast. Laminaria, or the 
common kelp, is a comparatively small 
member of the group. It generally does not 
exceed 2.5 meters in length. 

The brown algae that are alternately 
submerged and exposed to the air are 
called rockweeds. One of the best known is 
Fucus. Members of this genus are flat, 


much-branched plants that attach to rocks 
by means of holdfasts and are buoyed up by 
bladderlike structures. Because of these 
structures, the plants are sometimes called 
bladder wracks. Fucus is widely presented 
in elementary biology classes as a typical 
representative of the brown algae. It does 
not have alternation of generations. Ga- 
metes develop at the ends of the plant, and 
these gametes reproduce their kind. 
Gulfweed, or Sargassum, is a brown 


alga provided with berrylike bladders. It 
has leaflike growths set on stemlike struc- 
tures that sometimes reach at length. 
Masses of Sargassum, torn away from their 


moorings, are often carried al: by ocean 


currents and collect in floatir iats. They 
are found particularly in an area of the At- 
lantic Ocean called the Sargasso Sea. This 
area extends from the West >s to the 


Azores. Columbus was the first to report 
the existence of this floating seaweed for- 
mation. It was widely believed at one time 
that ships were sometimes so enmeshed in 
the seaweed in the Sargasso Sea that they 
could not work their way free. But this is 
now held to be one of the innumerable tall 
yarns of the sea. 
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Sargassum, a seaweed, The 
white growths are colonies 
of wormlike bryozoans. 


DIATOMS AND THEIR RELATIVES 


These algae make up the class Chry- 
yphyceae of the plant division Chromo- 
snycota. Their color ranges from yellowish 
>en to yellowish brown. That is how the 
me Chrysophyceae is derived: chrysos 
eans ‘‘gold’’ in Greek. The best known 
smbers of this group are the minute 
ints Known as diatoms. 
Diatoms are generally one-celled or- 
sms, though they are sometimes found 
olonies. They are brownish in color be- 
se of the presence of the pigment dia- 
in, which resembles the pigment of the 
vn algae. The diatom cell wall contains 
.. It is a glasslike covering, consisting 
two sections that fit together like the top 
{ bottom parts of a box. The cell walls 
beautifully and delicately sculptured. 

e are round. Others are oval or trian- 

r. Still others are simple bars with 

dreds of crosswise markings. When the 

»ms die, the cell walls become skele- 

that retain their shape for amazingly 
periods of time. Some species of 
toms are able to move by swimming, 
ng, or twisting. Diatoms generally 
oduce by cell division. But in some 
ies a simple form of sexual reproduc- 
takes place. 
These tiny plants are found almost 
rywhere there is enough moisture and 
ht: in the sea, in lakes and ponds, in flow- 
streams, in pools, on moist rocks, and in 
cultivated soil. They are sometimes found 
even in purified drinking water; fortunately, 
they are harmless to man. They often make 
up the bulk of the plankton, the passively 
floating or weakly swimming plant and 
animal life of the ocean. The diatoms thus 
form a sort of ocean pasture on which 
countless sea animals feed. 

When diatoms die, their skeletons 
drop to the bottom of the sea or lake where 
they lived. The constant rain of these mi- 
nute particles over countless centuries has 
resulted in the formation of large deposits 
of diatom-containing, or diatomaceous 
earth, up to a hundred or more meters in 
thickness. Diatomaceous earth is used in 
different ways. It serves to filter and clarify 
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Rockweed and various other marine algae exposed 
along a rocky shore at low tide. 


many liquids. It is an excellent insulating 
material for boilers, blast furnaces, and 
refrigerators. It is also used as a mild abra- 
sive in polishes and scouring powders. 


RED ALGAE 


The red algae, of class Rhodophyceae 
of the plant division Rhodophycota, derive 
their color from the red pigment phy- 
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coerythrin. They are found chiefly in ocean 
waters. Those growing in fresh water occur 
principally in cold, swiftly flowing streams. 
Although called red algae, they ac 
tually exhibit a wide range of colors, in- 
cluding different shades of red, brown, and 


Red algae are commercially important. They are 
used in a variety of products. Top: Chondrus cris- 
pus; bottom: Lomentoria 
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violet. Some red algae, such as genus Por- 
phyra, are nearly black, as well, while 
others, such as genus Bangia, are almost 
without color. The striking coloration of 
many species results from the presence 
of the blue pigment, phycocyanin, in 
varying proportions, in addition to phyco- 
erythrin. 

These plants are multicellular. They 
occur in the form of filaments, ribbons, or 
sheets of fernlike or featherlike growths. 
Generally they range up to one third of a 
meter or so in length. Most marine spe- 
cies grow attached to solid objects in the 
water by means of holdfasts or special 
filaments. In practically all species there is 
alternation of generations. Neither the 
spores nor the sex cells are provided with 
flagella. The male sex cells float passively 
in the water until they come into contact 
with an egg cell, which they proceed to 
fertilize. 

Like other algal groups, the red algae 
supply abundant food for fish and other 
animals living in the sea. They also serve 
as food for humans, particularly in Europe 
and the Far East. Among the edible vari- 
eties are Irish moss (Chondrus crispus) 
and laver (several species of the genus 
Porphyra). Irish moss is also used for 
curing leather and for shoe polish, as well 
as an ingredient in the manufacture of 
creams and shampoos. 

Certain red algae, including Ceylon 
moss, Gracilaria lichenoides, yield a 
gelatinous material known as agar-agar. 
This substance absorbs a great deal of 
water. When it sets, it has a consistency 
like that of gelatin. It is used by researchers 
as growth material for bacteria. It also 
serves to thicken soups and broths, as a 
sizing material for textiles, as a mild laxa- 
tive. and to provide body for puddings, 
pastries, ice creams, and other prepara- 
tions. 

Some of the red algae secrete lime and 
therefore have helped to build numerous 
coral reefs in the Indian Ocean and in 
various other parts of the world. Red algae 
have contributed to reef-building in the 
geological past, as well, probably dating 
back to Ordovician times. 


gi come in many shapes 
sizes. This one is a club 
gus, Polyporus versicolor. 
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FUNGI 


by Lindsay S. Olive 


Mushrooms growing on a forest floor 
displayed for sale in a supermarket. 
easts used to make cakes rise or to brew 
m and ginger beer. Molds that discolor 
read and fruit. These are fungi with which 
ryone is familiar. Other fungi are less 
well known but just as important. A great 
many fungi are beneficial to mankind. The 
antibiotic penicillin, for example, derived 
from a small blue-green fungus called Peni- 
cillium, has saved countless lives and re- 
lieved much suffering. Other fungi are 
harmful to human beings and to our crops 
and other products. Hence the branch of 
botany that deals with the fungi is of partic- 
ular interest. It is called mycology, from the 
Greek words mykes, meaning mush- 
room, and logos, meaning reason or sci- 
ence. Specialists in this field are known as 
mycologists. } 
The fungi are among the most primi- 
tive members of the plant kingdom. They 
are included among the thallophytes, or 
plants with a thallus. A thallus is a simple 
plant body that has no roots, stems, flow- 


ers, and seeds— structures we commonly 
associate with the higher plants. The thallus 
of a fungus is usually made up of branching 
threads called hyphae. The name mycelium 
is given to the sum total of the hyphae. The 
fluffy growth of a mold on bread is the part 
of the mycelium that extends above the sur- 
face of the bread. The hyphae that obtain 
nourishment for the mold are within the 
bread or upon its surface. 


HOW FUNGI REPRODUCE 


Most fungi reproduce in two different 
ways— sexually and asexually. The myce- 
lium of many species produces both asex- 
ual spores and sexual structures. The asex- 
ual spores form a sort of dust made up of 
tiny particles. They are called conidia 
(singular: conidium), from the Greek word 
konis, meaning dust. When these spores 
germinate, they give rise to a mycelium 
similar to the one from which they them- 
selves were derived. The conidia are com- 
monly scattered far and wide by wind, rain, 
insects, birds, people, and other agents. 
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Grant Heilman 


Penicillin (central disk), itself derived from a mold, 
can stop the growth of other molds. 


Many conidia are so resistant that they can 
be blown for hundreds or even thousands of 
kilometers without losing their ability to 
germinate. This is one of the reasons why 
many species of fungi are so widely distrib- 
uted over the earth. 

Fungi show a great deal of variation in 
sexual reproduction. In all cases, how- 
ever, the essential feature is the bringing 
together and fusing of two cell nuclei. In 
many of the higher fungi, the sexual spores 
are produced in conspicuous fruiting 
bodies, of which the familiar mushrooms 


A green mold is growing on these oranges. Green 
molds are members of the class Ascomycetes. 


John H. Gerard, Audubon/PR 
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are a good example. The fruiting body is 
only a part of the complete plant. It » 
from hyphae that are underground or in the 


wood of a decaying log. 
FOODS AND ENZYMES 

Algae and most higher plants contain 
a green pigment called chlorophyll. ‘his 
substance enables the plants to maj: 1c- 
ture food. Fungi lack chlorophyll us 
they cannot make their own food, but are 
dependent on other living things fo: ir 
ishment. Some fungi exist as par S, 
growing on other living organisms and ob- 


taining nourishment directly from t 
Others feed on dead organic matter, sv“ 
decaying leaves or dead wood, on ' 
they grow. Such fungi are called J- 
phytes (“plants feeding on rotting thing 
True fungi are unable to take in d 
foods as animals do. They must chs: xe 
such foods before they can use them y 
S 
k 


do this by secreting enzymes — substa 
that speed up chemical transformations 
into their surroundings. The enzymes bra 
down foods consisting of complex org:»ic 
materials into simpler substances that con 
be dissolved in water. When these © | 
stances are in dissolved form, the fungi can 
absorb them. 

Some species of fungi are very restrict- 
ed in their choice of foods—that is, in ihe 
organic materials upon which their en 
zymes can act. One small fungus group, for 
example, is known to occur only on the 
castoff horns and hooves of animals. Other 
species produce many different kinds of 
enzymes, which enable them to grow on a 
wide variety of substances. 

The enzyme-forming activities of fungi 
are a vital factor in the process of decay, a 
process upon which the very existence of 
life on earth depends. These activities con- 
vert the complex organic matter present in 
the dead bodies of plants and animals into 
simpler substances that plants can absorb. 
In the plants, these substances are used in 
the manufacture of food elements. Animals 
obtain these substances by eating plants or 
by devouring plant-eating animals. 

Human beings put the enzyme-form- 
ing activities of certain fungus species to 


work in brewing, baking, and cheese mak- 
ing. The enzymes of other species bring 
ibout the decay of lumber and textiles and 
cause numerous diseases of animals and 
plants. 

A great many trees, shrubs, and other 
seed plants have a remarkable relationship 
with certain fungi. The mycelium of these 

ingi invades the roots of the plants, but 
d of harming the seed plants, it helps 
them. It assists in transporting water and 
‘inerals from the soil to the roots of the 
lants. The seed plant, in turn, supplies 
od to the fungi. Fungi of this kind are 
ed mycorrhizal (fungus-root). The rela- 
onship between root and fungus in this 
è is a good example of symbiosis—an 
sociation that is beneficial to both living 
artners, 


OLUTION OF FUNGI 


No one is sure how the fungi originat- 

d. Since certain lower forms resemble the 

ı algae in some respects, especially in 

1 and mode of reproduction, some my- 

logists believe that the fungi arose from 

lgae. They argue that the fungi became 

parasites or saprophytes as they lost their 

chlorophyll and the ability to manufacture 
their own food. 

Other botanists hold a different view. 
hey point out that certain species of the 
lower fungi are animallike in many ways. 
They believe, therefore, that the fungi 
evolved from the protozoans, the most prim- 
itive group of animals. To have a clearer 
idea of the origin and evolution of the fungi, 
we shall have to learn more about the spe- 
cies already known to us. Perhaps the dis- 
covery of new species will also help fill the 
gaps that now exist in our knowledge. 

Nearly 50,000 species of fungi have 
been described. Some authorities estimate 
that this figure represents less than one-half 
the total number likely to be in existence. It 
is probable, therefore, that we shall dis- 
cover many new and interesting species in 
the course of time. Large parts of the earth, 
including Africa, much of South America, 
the South Pacific, and Asia, remain com- 
paratively unexplored as far as fungi are 
concerned. 


The following discussion of the dif- 
ferent kinds of fungi begins with the slime 
molds, which are recognized as the most 
primitive and animallike. You will note 
that the scientific names for the different 
classes of fungi all end in mycetes, a com- 
bining form meaning ‘‘fungi.’’ The first part 
of the name indicates the kind of fungus. 


SLIME MOLDS 


Most slime molds are classified in the 
class Myxomycetes of the division Myxo- 
mycota (myxa means “‘slime’’ in Greek). 
They are commonly found on rotting logs, 
old stumps, and decaying humus. 


Slime molds are primitive types of fungi. The stalks 
in the photograph are the sporangia, or spore 
cases. In the lower photo, the trails are really 
streams of myxamebas, or plasmodia 


Both photos, Hugh Spencer, Audubon/PR 
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When the spore of a slime mold ger- 
minates, it produces a cell that propels it- 
self through the water by means of one or 
two whiplike projections called flagella. 
The flagella soon disappear, and the cell 
begins creeping around like an amoeba, a 
primitive one-celled animal. These cells are 
called myxamebas. Like the amoeba, the 
slime mold changes its shape constantly. 

When a slime-mold cell comes in con- 
tact with another cell of the same species, 
the two may fuse. The product of this fu- 
sion gradually enlarges while creeping 
about and feeding on bacteria and fungus 
spores. This feeding stage is called the plas- 
modium. It may grow to a comparatively 
large size on decaying logs or humus. Final- 
ly, it flows out onto an exposed surface. 
Here it appears as a soft, thin layer ora hemi- 
spherical mass. It is a mass of protoplasm 
containing hundreds of nuclei but no cell 
walls. It varies in color—white, yellow, 
orange, red—according to the species. 

The adult plasmodium now produces 
upright extensions. These develop into 
small stalked sporangia, or spore cases, 
containing numerous spores. In some 
species the entire plasmodial mass may 
develop into a single fruiting body. 

In some types of slime molds, known 
as cellular slime molds and net slime molds, 
the adult form is really multicellular with a 
pseudoplasmodium consisting of many sep- 
arate cells. 

Slime molds have been used in many 
biological studies. The unicellular plasmo- 
dium is an excellent source of pure proto- 
plasm for laboratory study. 


ALGALIKE FUNGI 


These fungi are the ‘‘seaweed fungi” 
of the Eumycota, the plant division of true 
fungi. They include both saprophytes and 
parasites. Many species cause diseases of 
crop plants and of plants that are cultivated 
for decorative purposes. 

Downy mildews. These fungi are so 
named because they produce a downy 
growth on the surface of infected plant 
parts, usually the leaves. The infection cells 
are blown about by the wind and cause 
other plants to be infected. 
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One of the best known downy mildews 
is the late blight of potatoes. When the 
white potato was first carried to Europe 
from South America many years ago, it was 
a botanical curiosity. Later it became a sta- 
ple crop throughout the European conti- 
nent and the British Isles, especially in Ire- 
land. In 1845 a devastating blight struck 
the potato plants. The potatoes, whether 
harvested or left in the field, rotted in large 
numbers. The famine that resulted left 
about half a million people dead in Ireland 
and brought about the migration of nearly 
2 million Irish, principally to North Amer- 
ica. It was with some difficulty that mycol- 
ogists convinced the authorities that the 
disease was caused by a parasitic fungus— 
a downy mildew. 

About 1865, another downy mildew 
was accidentally introduced from North 
America into Europe. Grapevines in 
France had been attacked by the root louse. 
It was hoped that this pest might be foiled if 
the French grape were grafted onto the 
American grape rootstock, since the latter 
was resistant to the insect. Unfortunately, 
the downy mildew of grape was brought 
into France together with the rootstock. 
The French grape proved highly suscepti- 
ble to the fungus, and the disastrous epidem- 
ic that resulted nearly ruined the French 
wine industry. 

The discovery of the cure for grape 
downy mildew was as much of an accident 
as was the introduction of the disease. One 
day the 19th-century French mycologist 
Alexis Millardet was walking in the country 
near Bordeaux when he made a significant 
observation. He noticed that certain vines, 
sprayed with a white substance in order to 
make the grapes unpalatable to marauders, 
were much healthier than unsprayed vines 
nearby. Millardet learned that the spray 
consisted of copper sulfate and lime. Ob- 
viously, it had held the downy mildew of 
grape in check and was an effective fungi- 
cide, or fungus killer. Under the name of 
“Bordeaux mixture,” this spray was used 
extensively in the years that followed to 
protect plants from various kinds of fungi. 
It is still considered to be one of the most 
useful fungicides. 


Both photos, Grant Heilman 


10 days’ growth of black mold on a slice of bread. Right: close-up of the 


id, showing sporangia. 


Downy mildews also cause other plant 
ases. They attack tobacco, cabbage, 
umbers, squash, and various other 
nts. 
Black bread-mold group. The molds of 
group are generally called mucors. 
ere are many species. Most of them oc- 
ur as fluffy growths on bread, fruits, vege- 
ibles, and preserved foods. They are also 
und in the soil and in decaying vegetation. 
ey are white at first, but soon become 
as their spores mature in large num- 


Black bread mold is probably the best- 
known example of these fungi. It develops 
n stale bread—not so frequently as in the 
past, however, because of the use of preserv- 
atives in bread. Great quantities of tiny 
black bread-mold spores are produced in 
spherical cases called sporangia. Any one 
of these spores, when carried by wind or air 
currents to a suitable substance, can germi- 
nate. It then produces a fluffy mycelium 
similar to the one from which it came. This 
same fungus is destructive to market vege- 
tables and fruits, and causes a rot of sweet 
potatoes. 


SAC FUNGI 


These fungi make up the class Asco- 
mycotina, or Ascomycetes. ‘‘Asco™ comes 
from the Greek askos, meaning “‘sac.”’ All 
the plants of this group have a number of 
asci (singular: ascus), or spore sacs. These 


are a product of sexual reproduction. In the 
higher sac fungi, such as the cup fungi, the 
asci are produced in various kinds of fruit- 
ing bodies. 

Yeasts. The life cycle of a yeast is rela- 
tively simple. The typical thallus consists of 
a single small cell that reproduces by bud- 
ding. The budding mass of cells that de- 
velops on the surface of a culture plate usu- 
ally appears as a soft, creamy-white colony. 
Sexual reproduction also occurs in many 
species. It begins with the fusion of two 
similar cells. The end result is the produc- 


Saccharomyces, a yeast. This photo of live cells 
shows several budding. 


nt Heilman 
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tion of several spores (usually four) within 
the characteristic sac, or ascus. These 
spores are very resistant. 

There are many kinds of yeasts. They 
commonly occur in nature wherever simple 
Sugars are available. They are especially 
common on fruits, in the sap from trees, 
and in soil, particularly in orchards and 
vineyards. The best-known are baker’s and 
brewer's yeasts, both belonging to the spe- 
cies Saccharomyces cerevisiae. 

Brewer's yeast has been bred and se- 
lected for high alcoholic yield. When the 
yeast is placed in a sugar solution and de- 
prived of free oxygen, it carries on a special 
type of respiration called alcoholic fer- 
mentation. During this process, carbon- 
dioxide gas is given off and alcohol is pro- 
duced. Brewer's yeast is the principal 
organism used in making beer, liquors, 
and commercial alcohol. A different spe- 
cies is used in wine making. 

When baker’s yeast is placed in bread 
dough, it causes the dough to “rise,” or 
expand, by producing carbon-dioxide gas. 
Upon being heated, the gas pockets in the 
dough expand still more, making the final 
baked product light and porous. The alco- 
hol produced is driven off by the heat. 

Not all yeasts are beneficial. A few 
species cause serious diseases of man. 
Candida albicans is responsible for thrush, 
a disease of the mouth and throat. Other 
yeasts produce respiratory infections. 

Blue and green molds. These are 
among the most common and widespread of 
all fungi. They occur on many different 
Kinds of organic substances, including 
foods and textiles. In humid areas, they are 
frequently responsible for the mildewing 
of clothing. Although some blue and green 
molds reproduce sexually, the majority lack 
the sexual stage. They reproduce only by 
means of asexual spores, or conidia. These 
are produced in chains on upright branches 
of the mycelium. The large numbers of 
mature spores give these fungi their char- 
acteristic colors—greenish, blue-green or 
blue, and sometimes yellow, tan, or black. 
They differ from the black bread-mold 
group in that the mycelium is not fluffy 
and does not spread so rapidly. 
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A well-known genus is Aspergillus. 
Another is Penicillium, from which the an- 
tibiotic penicillin is derived. Penic: “um 


has been put to various other uses by an. 
Roquefort cheese is made with one sp. cies 
of Penicillium; Camembert cheese it 
another. The blue color of Rog: ‘or 
cheese is due to the presence of grea’. m- 


bers of spores. A species of Aspergi is 
the primary source of citric acid, ly 
used in flavoring candies and fruit: ri- 
ous other species of Aspergillus and < in 
Penicillium species also produce this 2 
Powdery mildews. As the name o! se 
fungi indicates, they give a powdery white 
appearance to the infected parts of p) ots, 
usually the leaves. This whiteness is ca sed 
by the presence of large numbers of asexual 
spores (conidia), produced in chain id 
distributed mainly by wind. These S 
develop throughout the summer and «> se 
the host plants to be reinfected durins his 
period. In late summer and fall, the al 
stage appears in the form of little b:own 
dots over the infected areas. These stuc- 
tures contain the ascospores, or sexual 


spores, which survive during the winter »ad 
cause new infections in the spring. ‘he 
powdery mildews are plant parasites. 
They cause diseases of crop plants anc 
ornamentals, including grape, apple, rose, 
and lilac plants. 

Sphere fungi. This is the largest group 
of sac fungi. The fruiting bodies that result 
from sexual reproduction are small and 
spherical. They have necklike extensions 
through which the spores escape. Asexual 
spores (conidia) are also commonly pro- 
duced in this group. Some of the species are 
parasitic, while others live on dead organic 
matter. Among the parasitic varieties is the 
chestnut-blight organism. Introduced into 
New York from Asia about 1900, it has 
completely destroyed the American chest- 
nut. Other species of the sphere fungi 
cause Dutch elm disease, oak wilt, apple 
scab, and ergot of cereals. 

One of the most useful species from 
the standpoint of basic science has been a 
pink bread mold known as Neurospora. A 
great deal of research has been done on 
the heredity of this organism. These studies 


ive contributed greatly to our present 
understanding of genes, the hereditary units 
all organisms. 
Cup fungi. This is another large group 
sac fungi. Its members are called cup 
fungi because the fruiting bodies are gener- 
cup-shaped. They vary greatly in size 
ym tiny, barely visible structures to con- 
uous and sometimes brightly colored 
hy cups or saucer-shaped bodies. The 
s'y ones are often edible. Some related 
ns, such as the morels, are not cup- 
ped but have stalks and conical, pitted 
Most mushroom gatherers consider 
a delicacy. 
The majority of cup fungi live on dead 
|, humus, and soil. Some of them cause 
uctive diseases. The brown-rot fungi, 
xample, attack peaches and other 
> fruits, as well as apples and pears. 
\n odd group of fungi frequently clas- 
i with the cup fungi are the truffles. 
r fruiting bodies are usually spherical 
than cup-shaped, and what is particu- 
notable, they occur underground. 
are mycorrhizal. As we pointed out, 
means they are associated with the 
; of higher plants in such a way that the 
uionship is beneficial to both organisms. 
Truffles are considered a prime delica- 
In Europe they are sought out by 
ins of specially trained pigs and dogs, 
which can locate them by smell. Most truf- 
les gathered for the market are two to 
five centimeters in diameter and show a 
€ roughened exterior. When cut open, 
they have a distinctive aromatic odor. Their 
flavor is imparted to foods that are sea- 
soned with them. 


CLUB FUNGI 


The club fungi of class Basidiomyco- 
tina, or Basidiomycetes, are the most 
highly developed group of the fungi. The 
first part of the class name is derived from 
the characteristic club-shaped spore-pro- 
ducing organ, called the basidium. ; 

Rusts and smuts. These are parasitic 
groups belonging to the lower orders of 
club fungi. The rusts are so called because 
one of their spore stages has a bright rust 
brown color. There are a large number of 


à 


Fungi can cause serious damage to crops. Top: 
Southern corn leaf blight, caused by Helmintho- 
sporium maydis. Bottom: brown loose smut in 
wheat. Rusts, blights, and smuts belong to class of 
club fungi, the most advanced among the fungi. 
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pencer, Audubon/PR 


Jack Dermid, Audubon/PR 


Club fungi vary greatly in appearance. From top to 
bottom: bird's-nest fungi; stinkhorn mushroom 
coral fungus; puffballs. 
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species and they attack a wide variety of 
higher plants, many of which are valuable 
to mankind. One of the most destructive of 
the rusts, from our viewpoint, is the wheat- 
barberry rust. In order to complete its life 
cycle, this fungus must alternate between 
two host plants. It produces certain spore 
forms on wheat and different forms on bar- 
berry. Many rusts have this complicated 
life cycle. They cause much damage to ce- 
reals, vegetables, fruit trees, and some for- 
est trees. Careful preventive measures help 
keep them in check. 

The smuts have received their name 
because of the black masses of spores they 
produce on infected plant parts. Their life 
cycle is much simpler than that of the rusts; 
they complete their development on a sin- 
gle host plant. Smut spores are dry and eas- 
ily blown about from one plant to another, 
or from one field to the next. They are quite 
resistant; those of some species pass the 
winter on the ground. One well-known 
smut fungus is corn smut, which turns corn 
kernels into tumorlike structures full of 
black spores, Other important smuts attack 
such plants as wheat, oats, barley, and rye. 

Gill fungi. As we shall see, these 
highly evolved forms are often referred to 
as mushrooms. They are among the com- 
monest and most conspicuous of all fungi, 
occurring abundantly in woods and mead- 
ows. The vegetative portion of a gill fun- 
gus—the mycelium—occurs in the ground 
and lives on organic wastes. At certain 
places in the mycelium swellings are pro- 
duced. These develop into small spore 
cases called sporophores. In some of the 
more common species, these are enclosed 
in wrappers called volvae. 

Under proper conditions of warmth 
and moisture, a sporophore bursts through 
the earth, rupturing the volva, and expands 
in umbrella fashion. The fully developed 
fruiting body cons of a stalk and cap. 
Under the cap are attached a number of 
thin gill-like plates, called lamellae, which 
radiate from the center. It is on these lamel- 
lae, or “gills,” that the spores are produced. 
Gill fungi are extremely varied in size and 
color. Many are among the brightest and 
most attractive of the fungi. 
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Coral fungi. The fruiting bodies of 
hese plants are much branched and some- 
mes strikingly resemble coral in appear- 
ice. They are creamy, tan, yellow, brown, 
v even purplish in color and fleshy in tex- 
ire. Coral fungi can be found most often in 
mperate areas in woods made up of trees 

it lose their leaves every autumn. Most 
edible. 

Bracket or leather fungi. Their fruiting 

lies often have a leathery texture. They 
commonly found on the sides of dead 

s and logs. They grow in shelflike fash- 

one shelf rising above another. Bracket 

i are an important factor in wood decay. 

Pore fungi. These plants are also im- 

int as wood-decay organisms. The 

es are produced in pores on the under- 
of the fruiting bodies (sporophores). 
se bodies vary in shape. Some are thin 
rs. Others resemble gill fungi or bracket 

i. Pore fungi may cause great damage to 

er and to wooden structures; certain 
attack living trees. 

Puffballs. Most of these forms occur æ 
vophytes on the ground, on humus, or 
rotting wood. The fruiting body of a typ- 

puffball such as Lycoperdon, ranges in 

e from spherical to pearlike. It is whit- 

t first and turns brown at maturity. 

millions of tiny spores inside the ma- 

fruiting body are expelled through a 

J] opening at the top by pressure from 
ind, raindrops, or animals. Most puffballs 

several centimeters high, but the giant 
pulTball may be more than a meter in diame- 
ter. There are many edible forms. 

Stinkhorns. These fungi, which are re- 
lated to the puffballs, are well named for 
their carrionlike odor. Most  stinkhorns 
have a stalk, usually with a cup at the base, 
and a cap covered with a dark, slimy mass 
of spores. It is this spore mass that causes 
the unpleasant odor. 

Bird’s-nest fungi. They are also related 
to the puffballs. They produce small cups, 
containing several tiny bodies in which the 
spores are borne. The entire cup structure 
resembles a miniature bird’s nest with sev- 
eral tiny eggs. These fungi may be found on 
humus, dead wood, and the dung of her- 
bivorous animals. 


Noble Practor/PR 


Russ Kinne/PR 


Penicillium is an economically important mold. 
Top, the mold as it appears spoiling food. Lower 
photo: detail showing the structure of the mold. 


Mushrooms and toadstools. The name 
“mushroom” refers to various fungi that 
have fleshy fruiting bodies and that grow on 
the ground, dead wood, or trees. The name 
is used most often in connection with the 
gill fungi described above. However, it is 
also applied to various other club fungi and 
even to certain sac fungi, such as the mor- 
els. Some persons reserve the name 
“mushrooms” for the edible species of 
these fungi; they call the poisonous species 
toadstools. Most students of the fungi, 
however, speak of poisonous and edible 
mushrooms. 

Contrary to the belief of those unfamil- 
iar with mushrooms, the great majority are 
harmless or edible. Relatively few are dan- 
gerous; some are mildly poisonous, while 
others are unpleasant tasting or have little 
flavor. However, since some deadly species 
are widespread, amateur mushroom hunt- 
ers should be careful in choosing specimens 
for the dinner table. They should obtain a 
mushroom guide, of which many have been 
published. 

After identifying a few common edible 
species, the mushroom picker should gath- 


FUNGI 


51 


er these and avoid all others. Only when a 
variety can positively be identified as edible 
should it be picked. Unfortunately, there 
are no other foolproof methods in distin- 
guishing edible from unwholesome mush- 
rooms. 

The safest and certainly one of the most 
palatable is the common edible mushroom, 
Agaricus campestris, which may be bought 
at the grocery store. Its wild variety is 
common in nature, especially in meadows 
and lawns. Other wild edible mushrooms 
that are easy to identify are the morels, the 
coral fungi, and the oyster mushroom, 
which forms whitish fruiting bodies with 
stubby stalks on dead logs. The puffballs 
should also be included. One of the most 
delicious of all mushrooms is the bright 
orange-yellow Caesar’s amanita, Amanita 
caesaria, which was a favorite of the Ro- ` 
man emperor Nero. 

Unfortunately, other species of Aman- 
ita are among the most poisonous varieties. 
The fly amanita, Amanita muscaria, is quite 
similar in color to Amanita caesaria. It has 
a bright orange-red cap that is covered with 
whitish flecks. Like most species of Amani- 


Gront Heilman 


Top: the poisonous mushroom, Amanita muscaria, 
or fly mushroom, in several developmental stages. 3 s k 
Bottom: A related mushroom, Caesar's mushroom. ta, it has a veil around the stem, just below 

the cap. The base of the stalk is enlarged 


Reproduction in higher fungi. The spore is released. It finds a suitable spot for 
growth, and then it germinates, grows, and reproduces 


REPRODUCTION BY SPORE FORMATION 


Cap 


Spore x 
Lamella 
$ a Dispersal by the wind Ring 
Foot 


Volva 


52 FUNGI 


ind bulbous. The deadliest of all mush- 
ooms is the destroying angel, Amanita 
»halloides, which ranges in color from 
hite to grayish. It has a veil and also a 
‘ominent cup at the base of the stalk. Al- 
‘hough it is easy to recognize, it is probably 
e commonest cause of serious mushroom 
jisoning in North America. A single fork- 
l is sometimes sufficient to cause death. 
Symptoms of poisoning by mushrooms 
often delayed for hours after the fungi 
ve been eaten. If there is any suspicion of 
ishroom poisoning, a doctor should be 
ıt for immediately. While waiting for the 
ctor, any effective means of emptying the 
mach of its contents should be used. 
It is interesting to note that certain 
ies of mushrooms may cause nausea in 
ne persons, usually without serious re- 
. while they may be eaten by others 
| no ill effects whatsoever. It is possible 
a food allergy is involved here. 
Mushrooms may be commercially 
vn in caves, abandoned mines, dark 
irs, and similar places. In the United 
s, most commercial growing is done in 
ially constructed houses in which the 
perature and humidity can be con- 
ed. The mushroom beds are generally 
de by spreading a thin layer of loam over 
jeep layer of well-rotted manure. After 
mentation has taken place, the mush- 
n “spawn” is planted. This consists of 
mycelium of the fungus, encased in 
ricks made of manure and loam. The 
ushrooms are harvested while firm and 
sofore the spore dust has started falling. 


IMPERFECT FUNGI 


These fungi form the class Deuteromy- 
cotina. Their name refers to the fact that 
the sexual stage is lacking. Reproduction is 
by means of asexual spores (conidia) only. 
Most imperfect fungi seem to have evolved 
from the sac fungi through the loss of the 
ability to reproduce sexually. 

The imperfect fungi form a very large 
and important group. They occur widely, 
either as saprophytes on many different 
kinds of organic matter or as parasites of 
higher plants. Some cause mildewing of 
fabrics; others, molds of foods. The para- 


sitic species are often very destructive to 
crop and ornamental plants. Most fungi that 
cause disease in human beings belong in the 
group of the imperfect fungi. They are re- 
sponsible for the ringworm diseases. 


LICHENS 


A lichen is a combination of a fungus 
and an alga. Most often, the fungus is a 
member of the sac fungi, while the alga is a 
green or blue-green species. The thallus, or 
plant body, that results from the combina- 
tion of the two is quite different from any- 
thing that could be produced by the fungus 
or the alga growing alone. The hyphae of 
the fungus make up the framework of the 
plant body. The algal cells or filaments 
occur within this framework. 

The two organisms—fungus and alga— 
live together in a mutually beneficial rela- 
tionship, or symbiosis. By the process of 
photosynthesis, the alga manufactures all 
the organic food that they both require. The 
fungus brings in water and minerals and 
offers protection to the alga. 

Lichens are most commonly found on 
trees. They also occur on rocks and on 
barren ground. They furnish fodder for 
reindeer and, in some places, for cattle. 
Certain kinds of lichens yield litmus, a dye 
used as a chemical indicator. 


Lichens are made up of an alga and a fungus. The 
two very different organisms live in symbiosis. 
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MOSSES AND FERNS 


By Thomas Gordon Lawrence 


As you walk beside a forest stream, 
you probably notice two kinds of plants 
growing in abundance: mosses and ferns. 
Screened from the strong sun by the tall 
trees and near a plentiful water supply, 
which most species need or prefer, the 
plants form a lush and beautiful covering 
on the rocks and soil. 

Mosses and ferns, as well as all higher 
plants, belong to the subkingdom Embry- 
obionta (embryophytes). This group, which 
contains a number of divisions, includes 
some 300,000 species of plants. 

All mosses and ferns contain chlo- 
rophyll and thus can make their own food by 
the process of photosynthesis. All undergo 
alternation of generations in their life 
cycle, in which a spore-producing, or asex- 
ual, generation alternates with a gamete- 
producing, or sexual, generation. 


The maidenhair fern, Adiantum pedatum, is a spe- 
cies common to North America. 
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MOSSES 


A delicate, intensely green carpeting of 
moss is nearly always to be found in wood- 
lands, along streams, and in many mead- 
ows. Even in well-kept lawns there fre- 
quently are glistening moss colonies, more 
or less shaded by grass blades. Moss often 
thrives in the cracks of cement walks and 
old stumps, damp fences, and the bark of 
old trees. It sometimes grows on thatched 
roofs, which look as if they were covered 
with green velvet. 

Mosses belong to the division Bry- 
ophyta, which is derived from Greek words 
meaning ‘moss plants.” This group, which 
contains about 25,000 species, also in- 
cludes the liverworts and hornworts. 


REPRODUCTION IN MOSSES 


The moss plants with which we are 
most familiar develop from spores. Each 
spore gives rise to a green, branching fila- 
ment called a protonema, which looks 
much like a green alga. After a time, the 
protonema produces buds. Each bud grows 
into an erect shoot, with leaflike structures 
branching off from it. Instead of roots, the 
shoot has small threadlike bodies called 
rhizoids, which draw water and mineral 
salts from the soil. The leaflike structures of 
the plant contain chlorophyll and are ca- 
pable of photosynthesis. 

In the course of time, sex organs de- 
velop at the tips of the shoots. The male sex 
organs, which produce sperm, are called 
antheridia (singular: antheridium). They 
are spherical or egg-shaped. The flask- 
shaped female organs are known as arche- 
gonia (singular: archegonium). A single egg 
is formed at the base of each female organ. 
In time a canal extends from the base to the 
open mouth of the organ. In some mosses 
the antheridia and archegonia are produced 
at the tip of the same shoot. In others, they 
are produced on separate plants that are 
called gametophytes, or “‘sex-cell plants.” 


Fertilization can take place only in 
water, which may be in the form of rain, 
running water, or even a thin film of dew. 
As the antheridium becomes thoroughly 
wet, the sperm are released. They swim 
through the water by means of long whip- 
like structures called flagella. In due time, 
the sperm make their way to the archego- 
nium. Several sperm may go down the canal 
to the egg at the base of the female organ. 
But only one of the sperm fertilizes the egg. 

Once the egg is fertilized, an entirely 
different generation is launched. A new 
plant, called a sporophyte, which means 
“spore plant,” grows out of the tip of the 
old plant. This sporophyte consists of a 
foot, the base of which is implanted into the 
shoot of the gametophyte, and a long, thin 
stalk with a capsule, containing spores, at 
the end. It receives its nourishment from 
the old plant. When the capsule is mature, it 
splits open. As the plant sways in the wind 
or is shaken by animals, spores are thrown 
from the capsule like salt from a shaker. 

Each spore gives rise to a new gameto- 
phyte and the cycle begins anew. Thus 
there is what the botanist calls alternation 
of generations: from gametophyte to sporo- 
phyte to gametophyte again, and so on 
through countless generations of mosses. 


MANY DIFFERENT KINDS 


There are many different kinds of 
mosses. They are small plants, never stand- 
ing more than several centimeters high. 
Some are so low and hug the ground so 
closely that they look like green turf. Some 
genera, such as plume moss (Hypnum) and 
fern moss (Thuidium), which looks some- 
what like a midget fern, are more conspicu- 
ous. They thrive in shady woods, often 
completely concealing the logs and stones 
on which they grow. 

Perhaps the most beautiful of all the 
mosses are Bryum and Mnium, which have 
broad, thin, translucent leaves. More than 
any of the others, these are the mosses that 
sparkle like gems when a shaft of sunlight 
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Two species of moss. The top photo shows a moss 
with hanging spore cases. The bottom photo shows 
the capsules erect. 
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A dense growth of sphagnum moss forming a thick 
carpet in marshlands. 


finds its way to the ground through the for- 
est canopy. 

A few mosses are dark brown or black. 
The pincushion moss (Leucobryum), on the 
other hand, is whitish green; its cushionlike 
masses look ghostly at the base of trees in 
damp woods. A moss that makes a satisfac- 
tory inhabitant for a home aquarium is the 
water moss (Fontinalis), which lives entire- 
ly submerged. In an aquarium it soon forms 


The life cycle of a moss. Sexual and asexual gener- 
ations alternate. 
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a dense underwater jungle where young 
guppies can escape the eager jaws of their 
parents and other fish. 

Some mosses grow in caves where the 
light is only soo as bright as full sunlight. 
Luminous moss (Schistostega) is found in 
dark places in woods. It refiects light rays 
from its lenslike cells. The greenish-golden 
glow of this curious plant may have been 
responsible for fairy tales concerning goblin 
gold. 


PEAT MOSS 


The peat mosses make up the genus 
Sphagnum. They are quite different from 
other mosses. For one thing, peat mosses 
are far larger. They grow in boggy places, 
especially in temperate and subarctic re- 
gions. A peat moss leaf is generally only 
one cell thick and contains many dead cells. 
These absorb great quantities of water and 
give a pallid appearance to the plant. 

The bogs in which peat mosses flourish 
are called peat bogs. In addition to peat 
mosses, these bogs often contain other 
mosses, as well as reeds, sedges, and rush- 
es. The tannins and other organic acids and 
the salts that are found in abundance in peat 
bogs serve as natural preservatives. Conse- 
quently, the remains of animals and trees 
buried in bogs for hundreds of years have 
been dug up in excellent condition. The 
peat bogs of Ireland are perhaps the most 
famous. There are also extensive forma- 
tions in Great Britain, the Soviet Union, 
Finland, Sweden, Canada, and the United 
States. 

Florists use dried peat moss as packing 
for flowers, since the leaves absorb and 
hold moisture. Peat moss that has been 
ground up is often added to the soil of gar- 
dens. Not only does it hold water effective- 
ly but it prevents the soil from caking. Ster- 
ilized peat moss has been used for surgical 
dressings. 

Dead plants in a peat bog sink to the 
bottom. As one layer piles up on another, 
the lower layers are gradually compressed 
and form the substance called peat. The 
element carbon makes up about 60 per cent 
of the peat—a much greater proportion 
than it was in the living plants. Peat is really 


he first step in nature’s production of coal. 
Peat is used chiefly as a fuel. To dig it 

ut, the bog is first partly drained. The loos- 
ed surface is then removed, and rectan- 
ilar sections of peat, called turfs, are cut 
th specially shaped spades or by ma- 
ines. The turfs are stacked in the open air 

` drying, a process that takes about six 
eks. Dried turfs are used as fuel in Ire- 

d and other countries. Sometimes peat is 
ssed into the form of briquettes. These 
ke better fuel than the turfs, since they 
more compact and contain less mois- 


ERWORTS 


Fhe liverworts are among the simplest 
| land plants. Most of them have a sim- 
ype of plant body called a thallus. This 
jattened, ribbonlike structure. Rhizoids 

from the underside of the thallus. 

y anchor the plant and supply it with 

r and minerals. Many liverworts have 

cuplike growths known as gemmae 
on their upper surface. Budlike bodies 
ed gemmae are produced in the cups. 

n) the gemmae are separated from the 

, they are capable of growing into new 

One of the commonest and most inter- 

iz liverworts is Marchantia. As it 

vs, it splits again and again at the tip, so 
presently it is as if green ribbons were 
wing in different directions from the 
sinal starting point. If the plant prospers, 
oon sends up a group of what look like 
iniature crudely designed palm trees. 
hese growths bear the sex organs. When 
the egg is fertilized it grows into a spore 
plant so small that only a specialist would 
notice it. 

Another familiar liverwort is Riccia, 
which is frequently sold to tropical fish 
breeders for their aquaria. Grown in water, 
it repeatedly splits into very thin branches. 
Grown on land, it divides in much the same 
way but the branches are thicker. 

In the so-called leafy liverworts, the 
thallus is so divided as to suggest leaves. 
These plants have a strikingly delicate ap- 
pearance. They are at their best on dripping 
rocks, although they are most likely to be 
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Liverworts. Top: photo showing well-developed 
aerial chambers. Bottom: Marchantia, one of the 
commonest liverworts. 


found in the dimmest recesses of woods. 
They are especially abundant in moist trop- 
ical forests. Here they frequently cover 
with luxurious growth not only the ground 
but also the stems and leaves of other 
plants. 


HORNWORTS 


The hornworts, or horned liverworts, 
generally resemble the true mosses and liv- 
erworts, except that the hornworts have a 
simple, undifferentiated thallus and a com- 
plex sporophyte structure. The latter is able 
to produce spores over a prolonged period 
of time. In regard to number of genera and 
species, the hornworts are a relatively small 
group. However, they are often abundant in 
wet places. 
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Ferns and their distant relatives, 
horsetails and club mosses, are the more 
primitive of the vascular plants, or tracheo- 
phytes. They were formerly classified to- 
gether as pteridophytes (‘fern plants”). 
Nowadays, however, the ferns are consid- 
ered by botanists to be more nearly akin to 


Top: reproductive cycle of a fern. Bottom: Sori on a 
fern leaf. The spores contained in these cases will 
give rise to new fern plants. 
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the flowering plants. Ferns may be related 
to the flowering plants by way of the seed 
ferns (now extinct) of the Carboniferous 
forest. 

The club mosses are now placed in one 
division, the Lycopodiophyta. The horse- 
tails are included in the division Equiseto- 
phyta. And the ferns make up the division 
Filicophyta, which comes from Latin and 
Greek words meaning *‘fernlike plants,” 

As in the mosses and liverworts, these 
plants undergo an alternation of genera- 
tions. There is one important difference, 
however. In the ferns and their kin, it is the 
sporophyte, or spore-producing plant, that 
is the conspicuous form. The gametophyte, 
or sex-cell-bearing plant, is much simpler in 
structure. 


CHARACTERISTICS OF FERNS 


The ferns are more widespread and 
better known than the club mosses and 
horsetails. The roots, stems, and leaves of 
the fern sporophytes are like those of seed 
plants. Ferns absorb water and dissolved 
mineral salts by means of root hairs, just as 
seed plants do. The stems of most species 
remain underground. These hidden growths 
are known as rhizomes. The tips of the rhi- 
zomes slowly push their way forward 
through the soil as they grow. Thus, they 
constantly tend to invade more and more 
territory. In certain cases, the stems of 
ferns grow vertically, forming lofty plants 
called tree ferns. 

The leaves of the spore-bearing fern 
plants are called fronds. They carry on pho- 
tosynthesis in exactly the same way as 
seed-plant leaves do. When young, the 
fronds of certain species are called fiddle- 
heads, because the tips are curled up and 
resemble the scroll, or curved head, of a 
violin. As the frond grows longer, the tip 
uncoils. Most of our common ferns have 
large and usually very decorative leaves. 

The underside of some fern leaves iS 
dotted with structures called sori (singular: 
sorus). Each sorus is made up of a cluster of 
spore-containing cases known as sporangia, 
each mounted on a flexible stalk. When the 
sporangia dry out, the spores are released. 
If a fern leaf containing sori is kept in posi- 


over a glass slide, the slide will be 
ed after a time with a fine dust con 
of innumerable spores, Fern spores 
provided with a strong protective 
ng. They are so light that the wind 
urry them for some distance 
Many millions of spores may be pro 
1 by a fern plant in a single growing 
1, Comparatively few of the spores 
ver, develop into new plants, When a 
germinates, it gives rise to a small 
it-shaped structure called a prothal 
hich looks a good deal like the thallus 
iverwort. The undersurface of the 
llus has rhizoids instead of roots 
organs also develop on the under 
of the plant. As in the case of the 
fertilization can take place only 
vater is present, The fertilized egg 
nto a spore-bearing fern plant of the 


type 
SENTATIVE GENERA 


e best place to look for ferns is on 
a forest. Here they are often 
imerous than any other low-growing 
They reach their fullest develop 
i the tropics. The richest fern growth 
vot in dank, lowland woods nor in 
ible jungles but in mountain forests 
noisture is abundant 
ome regions, as in Hawaii, New 
ind, and parts of Australia, tree ferns 
g up to 12 meters and more in height 
meter in diameter are a familiar fea 
f the landscape. Many tropical ferns 
on the trunks or branches of trees 
ire not parasites, but simply use trees 
ynvenient anchorages. A few ferns are 
plants. One of these, Marsilea, has 


ting aves that suggest the four-leaf 
r and therefore is sometimes called 
over-leaf water fern 
Among the best-known of all ferns is 
brake, or bracken (Preridium), It is pat 
ularly conspicuous in the heaths and 
oors of Great Britain and Ireland, though 
t is found in almost every part of the world 
In Ireland the leaves of this plant reach a 
height of four meters 
The Christmas fern (Polystichum) has 
tough leaves that shine bright and green 


even when covered with ice, The long 
simple leaves of the walking fern (Cam 
tosorus) take root at the tip and bud into 
The beautiful 


tum) has small, lobed leaflets 


new plants maidenhair 


fern 
and shining, purplish-brown leaf stalks 
The leaves of certain ferns are used 


packing for fruits and vegetable The Jap 
nese use the young fronds of some vari 
eties as food, The trunks of some of the 
sturdier tree ferns serve for construction 
purposes, particularly in tropical lands. In 


the Hawaiian Islands, the soft hairlike 


scales of certain tree ferns (Cibotium) are 
used as a filling for mattresses. The male 
fern (Dr r is known to pharmacist 
as the source of an effective vermifuge —a 


remedy used to expel or destroy intestinal 


worms 
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The bracken fern, Pteridium aquilinum. This fern 
is very common in wild wooded areas. In some 
areas the fronds may reach four meters. 


CLUB MOSSES 


If you wander through deep pine or 
spruce forests, you will often find the 
ground covered with dense, bright growths 
of creeping ground pine. These plants are 
not related to pines but are club mosses 
(Lycopodium). The name is apt enough. 
These plants look very much like extremely 
large mosses. And, in many species the 
spores are produced in clublike cones, 
Most club mosses reproduce in much the 
Same manner as the ferns do. They are 
more abundant in the tropics than they are 
in temperate regions. 

These plants are not especially useful 
to mankind. Certain varieties are used in 
wreaths and other decorations. Lycopo- 
dium powder, consisting of the spores of a 
club moss, is used in fireworks and is some- 
times set off in general-science classes to 
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illustrate rapid combustion. It has also been 
employed in the treatment of certain skin 
diseases. 
HORSETAILS 

Horsetails belong to the ge quise- 
tum. They grow thickly in the gr f rail- 
way roadbeds, in clumps along nks of 


streams, and in swamps. Th inted 


structure suggests that of su e; the 
leaves have been reduced to cales. 
In some species, the main sten a cir- 
cle of smaller branches at e nt. In 
others, the stem usually does n ch, so 
that a thicket of this type reser fanci- 
ful green colonnade. 

Horsetails contain a rable 
amount of the hard substance silica, 
or silicon dioxide (SiO,), most | r tous 
in the form of quartz. As a re e tex- 
ture of these plants is very roug! dried 
stems have been used to sco s and 
pans. The plants are sometir nown, 


therefore, as scouring rushes. H ntain- 


ing an abundance of horsetai! ats is 
harmful to livestock. 

Most species of horsetails are small 
plants, from one third meter to t neters 
in height. However, a vinelik opical 
variety found in South America sometimes 
reaches a height of 12 meters. Most species 


send up both unbranched, fertile stems, each 
bearing a cone at the tip, and green, bushy 
stems. The cones contain the spore cases, 
or sporangia. Green gametophytes arising 
from the spores are small and ribbonlike. 

Today, horsetails and club mosses 
form only a small part of the earth’s vegeta- 
tion. Even ferns are rarely the dominant 
plant in any locality. Yet millions of years 
ago, in the Carboniferous period, the for- 
ests of the world consisted largely of horse- 
tails, club mosses, and tree ferns, all of 
enormous size. With the passage of geolo- 
gical time, countless generations of such 
forests grew and died. The plant debris 
accumulated in the swampy water of these 
forests until it was several meters thick. 
Later it was buried beneath sedimentary 
materials. The remains of the plants, 
completely transformed into a dark miner- 
al, are now widely used in the form of coal. 


SEED PLANTS 


by Harry J. Fuller 


In almost every type of landscape, 
»st of the plants you see are seed plants, 
called because they reproduce by means 
seeds. There are more than 250,000 
wn species of seed plants—more than 
se of all the other plant groups put to- 
her. Botanists have been particularly 
ed in seed plants not only because 
ieir numbers but also because of their 
riety and their outstanding importance in 

lives. As a result, they have been more 

oughly investigated than any other 
it group. 

The seed plants belong, according to a 

ely accepted classification, to the phy- 

Pteropsida. This includes not only 

i-bearers but also the ferns, which do 

have seeds. 


=RAL CHARACTERISTICS 


The seed plants show truly amazing 

iety in structure, growth, and reproduc- 

processes. Yet they all have certain 
ealures in common: 

|. Their characteristic reproductive 

ictures are seeds, which are produced 

flowers or cones. Each seed contains a 

iy plant, the embryo, which results from a 

sss of sexual reproduction. Upon 

sprouting, the embryo grows into a mature 
piant. 

2. The sperm, or male sex cell, makes 
its way to the egg, or female sex cell, by 
way of a structure called a pollen tube, 
which is found only in seed plants. In most 
other plant groups—algae, ferns, mosses, 
liverworts, and many fungi—sperms can 
reach eggs only by swimming through wa- 
ter. Water is not necessary for fertilization 
in seed plants, because of the pollen tube. 
This fact accounts, at least in part, for the 
dominance of seed plants in the earth’s 
vegetation. They can complete their re- 
production under a much greater variety 
of environmental conditions than lower 
plants. 

3. Seed plants possess complex vascu- 


proc 


lar tissues. These are conducting tissues 
that transport water, minerals, foods, and 
other substances within the plant. Many 
lower plants also have vascular systems, 
but these are much less complex and less 
varied than the vascular tissues of seed 
plants. 

4. Virtually all seed plants possess the 
green pigment chlorophyll. This is essential 
in photosynthesis, the basic process of food 
manufacture in plants. Only a few species 
of seed plants lack chlorophyll and there- 
fore cannot carry on photosynthesis. Some 
of these plants are parasites, obtaining their 
food from the tissues of living plants. 
Others are saprophytes and derive their 
food from decaying organic materials in 
soils, the dead stumps of trees, and similar 
sources. 


STRUCTURE AND PHYSIOLOGY 


The bodies of practically all seed 
plants consist of stems, roots, leaves, and 
cones or flowers. One or more of these 
parts may be absent in a few species. For 
example, the asparagus plant and certain 
parasitic flowering plants lack leaves. In 
asparagus, the functions of leaves have 
been taken over by small, green stem 
branches. 

Roots, stems, and leaves are called 
vegetative organs. They are concerned 
with maintaining the life, or vegetation, of 
the individual plant, rather than with the 
process of reproduction. Roots anchor the 
plant body firmly in the soil. They absorb 
water and mineral nutrients from the soil, 
conduct these materials upward into stems, 
and transport food downward from stems. 
Stems produce and support leaves and 
flowers or cones. They conduct water and 
nutrients upward and foods downward. 
They also store food. Leaves manufacture 
food in the process of photosynthesis. 

Photosynthesis. In photosynthesis, car- 
bon dioxide reacts with water, utilizing 
light energy absorbed by chlorophyll. As a 
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SEED PLANTS 


SSS E 


IMMATURE 
FEMALE CONE 


oe ae PISTIL 


The reproductive processes of gymnosperms occur 
in cones. After fertilization has taken piace, the 
seeds develop on the surface of cone si 
show here a branch of the loblolly pine 
and female cones. We also show two 
veloped seeds, with winglike structures 
to a scale. In time, the seeds will drop off 


result of this reaction, a simple su -glu- 
cose—is synthesized and oxygen is re- 
leased. The carbon dioxide used |» photo- 
synthesis is absorbed by leaves n the 
atmosphere. The water required ‘or the 
process is absorbed by roots fro e soil. 
It travels upward through the conducting 
tissue of roots and stems into les veins, 
which are continuations of the conducting 
tissues of stems. 

Since most of the chlorophyll o" plants 
occurs in leaves, most photosy: is ob- 
viously takes place in these plan) struc- 
tures. In some plants with grec: stems, 
such as tomatoes and petunias, th- process 
also occurs in green stem tissu Photo- 
synthesis is the only major proce r con- 
verting inorganic substances into ‘ood. It is 
also the only major source of oxy.) in the 
earth’s atmosphere. Without photesynthe- 


sis, all animal life, as well as almos: ai] plant 
life, would come to an end. Animas depend 
upon this process for their food, > they 
derive various essential nutrients from 
plants or by devouring animals that eat 


The reproductive processes of angiosper'ns occur 
in flowers. At the left is a cherry blossom, in cross 
section. The stamens are the male elements; the 
pistil, the female element. Unlike cherry blossoms, 
some flowers have only stamens or pistils. The 
seeds of angiosperms develop in structures that 
are known as fruits. 


plants. They also depend upon photosyn- 
thesis to maintain the supply of oxygen, 
essential for respiration. 

Respiration. Like all other living organ- 
isms, seed plants carry on respiration. -In 
this process, foods combine chemically 

ith oxygen and release their stored en- 
ergy, chiefly as chemical energy. The en- 
rgy derived from respiration is needed for 
growth, reproduction, and other processes. 

Respiration is essentially the reverse 

»hotosynthesis. Photosynthesis converts 
ht energy into the stored chemical energy 
f foods. Respiration releases this stored 
vergy for active use. Respiration differs 
om photosynthesis in other respects. It 

es place in all living cells and at all times, 
hile photosynthesis occurs only in chloro- 
hyll-containing cells and only in the pres- 
ice of light. 

During the day, the rate of photosyn- 
iesis in green leaves exceeds the rate of 
èspiration. Hence the release of oxygen 
d the intake of carbon dioxide in photo- 

thesis overbalance the use of oxygen 
and release of carbon dioxide in respiration. 
\t night, when photosynthesis ceases, res- 
piration continues. The result is that green 
lants absorb oxygen and release carbon 
ioxide. This characteristic gas exchange of 
‘n plants is responsible for the supersti- 
tion that green plants “‘purify”’ air during 
the day and ‘‘poison” it during the night. 
Growth. All seed plants obviously 
grow. The process of growth, which results 
in the formation of new tissues, occurs 
chiefly at the tips of roots and in the buds of 
stems. In many seed plants a growth tissue 
called cambium is located in stems and 
roots. The cambium lies between the two 
conducting tissues: the xylem, which con- 
ducts water and soil nutrients upward, and 
the phloem, which conducts foods manu- 
factured in leaves downward. The growth 
activity of cambium leads to the production 
of new tissues transversely, or crosswise, in 
stems and roots. Therefore, it causes these 
organs to grow in diameter. Growth pro- 
cesses are influenced by many factors, in- 
cluding the hereditary nature of the 
individual plant, growth hormones, water 
and nutrient supply, temperature, and light. 


ANGIOSPERM XYLEM (OAK) 


The two diagrams above show three-dimensional 
sections of gymnosperm and angiosperm xylem. 
Note the comparative simplicity of xylem in gym- 
nosperms; angiosperm xylem is considerably more 
complex in structure. 


CLASSIFICATION 


Living seed plants are classified in two 
main groups: gymnosperms (division Pino- 
phyta) and angiosperms (division Magnoli- 
ophyta). Gymnosperms, a term taken from 
Greek words meaning ‘‘naked seeds,” 
are so called because their seeds are pro- 
duced on the surface of cone scales. In angio- 
sperms, which means “‘seeds in a vessel,” 
seeds develop within structures called 
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Left: cone and the fernlike leaves of 
Encephalartos villosus, which belongs 
to the order Cycadales. Right: a fine 
specimen of Ginkgo biloba, the 
Chinese maidenhair tree —the only liv- 
ing species of the order Ginkgoales. 
Middle: close-up of the leaves and 
fruits of this tree. 


fruits. The gymnosperms are represented by 
comparatively few species —about 750—as 
against the approximately 250,000 known 
species of angiosperms. 

In addition to the manner of seed pro- 
duction, there are other differences be- 
tween these two plant groups. The repro- 
ductive processes of gymnosperms occur in 
cones. In angiosperms, they occur in flow- 
ers. Embryos of gymnosperms have more 
than two seed leaves, or cotyledons. Those 
of angiosperms have either one or two seed 
leaves. The ovules (structures that develop 
into seeds) of gymnosperms bear their eggs 
in tiny female sex organs called archegonia. 
Archegonia are lacking in angiosperm 
ovules. The xylem tissue of most gymno- 
sperms is relatively simple. It consists most- 
ly of vertically arranged cells, called tra- 
cheids, which conduct sap and serve as sup- 
port for the stem; horizontally arranged 
cells, called rays; and an extensive system 
of resin ducts. The xylem of angiosperms is 
more complex. It is usually made up of sev- 
eral types of cells and cell groups: tra- 
cheids, vessels (long, continuous conducting 
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tubes), fibers, and parenchyma (storage) 
cells and rays. 


CONE-BEARING PLANTS 


The gymnosperms are woody plants— 
that is, trees or shrubs. They possess roots, 
stems, and leaves, as well as the reproduc- 
tive structures called cones. In most gym- 
nosperms, there is a dominant main stem, 
with conspicuously smaller branches. In 
some species there are no branches at all. 
The main stems of certain gymnosperms, 
such as the redwoods of California, may 
reach a height of more than 90 meters. The 
diameters of their trunks are sometimes 
enormous. 

The leaves of most gymnosperms are 
needlelike or scalelike. They contain chlo- 
rophyll and therefore carry on photosyn- 
thesis. In certain gymnosperms, such as 
cycads and ginkgoes, the leaves are broad 
and thin, rather than needlelike. Most gym- 
nosperms are evergreen. That is, they re- 
tain their leaves throughout the year and 
often, as in pines and firs, for several years. 
A few species, including larches, bald cy- 
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resses, and ginkgoes, are deciduous, They 
` their leaves in autumn, remain leafless 
ughout the winter, and produce a new 

p of leaves in the spring. 
Many species of gymnosperms pro- 
ce essential oils that are volatile and 
highly scented. These oils, which appear to 
e waste products, are responsible for the 
characteristic odors of the needles and 
wood of many gymnosperms, including 
pines and cedars. When essential oils com- 
bine with oxygen, they form extremely vis- 
cous liquids or brittle solids called resins. 
Resins are important raw materials of in- 
dustry. They are obtained by cutting gashes 
into the sapwood of tree trunks. The resins 
ooze out of the cuts made in this way and 
are caught in containers. Among the most 
valuable gymnosperm resins are the turpen- 
tines, derived chiefly from several species 
of pines and used principally in the prepara- 

tion of paints and varnishes. 
The living species of gymnosperms are 
generally divided into four classes: the Cy- 
cadatae, or cycads; the Ginkgoatae, or 


Information Service of South Africa 


Left: Ponderosa pine (Pinus ponderosa), 
a member of the order Coniferales. Mid- 
dle: two cones of this tree. Right: We/wit- 
schia bainesii, with its long, leathery 
leaves and its numerous small cones. A 
native of South-West Africa, this plant be- 
longs to the order Gnetales. 


maidenhair trees; the Pinatae, or conifers; 
and the Gneticae. It is believed that the 
gymnosperms evolved from some group or 
groups of extinct ferns, probably by way of 
an order of curious plants called seed ferns. 
These plants had fernlike leaves and stems, 
but reproduced by means of seeds; the 
seeds were produced, not in cones, but di- 
rectly on the leaves. The study of rocks of 
great geological age reveals the fossils of 
many gymnosperm species now extinct. 


THE CYCADS 


The class Cycadatae consists of about 
100 species. The plants belonging to this 
group have unbranched, somewhat woody 
stems and compound, fernlike leaves that 
grow in a tuft from the tip of the stem. The 
leaves are subdivided into flat, thin struc- 
tures called leaflets. Many cycads resemble 
huge pineapples. They have a squat, thick 
stem, surmounted by a crown of leaves. . 

Cycads are chiefly tropical and sub- 
tropical. They thrive in southern Florida, 
Mexico, the West Indies, tropical Asia, 
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Australia, and South Africa. The cycads 
are often cultivated as ornamental plants in 
display greenhouses and in tropical gar- 
dens. One Asian cycad produces a valu- 
able gum. Another species, the sago palm, 
is extensively cultivated in Malaysia and 
Indonesia, and is the source of sago starch, 
or pearl sago, which is widely used as a 


food. 


The reproductive processes of cycads 
occur in cones. There are two types of 
cones: large and usually woody female 
cones and smaller, more delicate male 
cones. The male cone bears scales that 
produce pollen grains. These grains are car- 
ried by wind to the ovules borne on scales 
of the female cone. Pollen tubes, produced 
by the grains of pollen, grow into the 
ovules. Sperms from the pollen tubes then 
fertilize the eggs contained in the ovules. A 
fertilized egg develops into the embryo of 
the seed. When it is mature, the seed falls to 
the ground, where it sprouts. 
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MAIDENHAIR TREES 


The Ginkgoatae, or maidenh» - trees, 


numbered many species in past go. ogical 
ages. Today there is only one livin recies 
—Ginkgo biloba, the Chinese ma enhair 
tree. This tree sometimes attains © height 
of 28 to 30 meters; its trunk may have a 
diameter of more than a meter. The leaves 


are crowded on short spur branches. They 
are five centimeters or more in length and 
are broad and fan-shaped, with prominent 
riblike veins. Some trees produce small 
male cones; others produce female cones 
of simple structure. A female cone bears 
two tiny cuplike scales, each containing 
one ovule. Pollination is by wind. After fer- 
tilization, each ovule develops into a seed 
with a single embryo. The surface tissues 
of the seed become fleshy at maturity and 
give off a very unpleasant odor. 

Ginkgo trees have no economic value. 
They have been widely planted, however, 
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in many parts of the world in parks and gar- 
cens and along boulevards as ornamental 


trees. 
CONIFERS 


The nearly 600 living species of the 
Pinatae are much more familiar than the 
members of the other orders of gymno- 
sperms. Among the better-known conifers 
are pines, spruces, Douglas firs, true firs, 
yews, incense cedars, true cedars, juni- 
pers, cypresses, sequoias (redwoods and 
California big trees), and larches, or tamar- 
acks. Pines, which number about 80 spe- 
cies, make up the largest subgroup of the 
order. 

Most conifers are trees, but a few spe- 
cies are shrubs. They usually have straight, 
dominant trunks, often reaching heights of 
more than 30 meters. The leaves of most 
conifers are needles or small scales. Often 
they are borne singly on the stems; some- 
times they are produced in clusters of from 


two to five needles. The majority of coni- 
fers are evergreen, though a few are de- 
ciduous. 

The reproduction processes of most 
coniferous trees are quite similar. A pine 
tree, for example, produces two kinds of 
cones. There are small, rather soft male 
cones, each bearing a number of diminutive 
pollen-producing scales. There are also 
large, quite woody female cones, which 
have numerous cone scales. Each female 
cone scale bears two ovules on its upper 
surface. Pollen grains, shed by the mature 
scales of male cones, are carried by wind to 
female cones. The grains of pollen land on 
an ovule and form pollen tubes. These pen- 
etrate the ovule through a tiny pore, the 
micropyle, in the ovule coat. The pollen 
tubes carry sperms into the ovule, and the 
eggs in the archegonia of the ovule are fer- 
tilized by the sperms. Since several arche- 
gonia and eggs are present in an ovule, mul- 
tiple fertilization may occur. Usually, how- 
ever, only one fertilized egg develops into 
an embryo in the ovule. The embryo and 
the surrounding parts of the ovule grow, 
and ultimately a mature seed is formed. 
This falls from the female cone scale to the 
soil. 

Coniferous trees are very widely dis- 
tributed on the surface of the earth, particu- 
larly in the cooler parts of the temperate 
zones and in elevated areas of the tropics. 

The conifers are the most valuable 
economically of all the gymnosperms. They 
furnish large quantities of softwood lumber 
(pine, redwood, fir, spruce, and so on). 
They produce resins used in paints and 
varnishes. They are also widely used as 
ornamentals. A few species, including the 
pifion pine of the southwestern United 
States, produce edible seeds. The bark of 
some species yields tannins, used in tanning 
hides. Conifers growing in extensive forests 
break the force of falling rain and bind the 
soil, thus preventing soil erosion. 


THE GNETALES 


This subdivision, numbering about 65 
species, is divided into three distinct gen- 
era: Ephedra, Welwitschia, and Gnetum. 
Ephedra is found in dry or rocky regions; 
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tiny leaves grow on its green stem. Welwit- 
schia, which has but one species, is a rather 
curious plant of southwest Africa. It has a 
huge taproot and two thick and tough 
leaves. The plants belonging to the genus 
Gnetum are natives of the tropics. They 
are found in Asia, Africa, South America, 
and the West Indies. They are mostly 
vines. Sometimes, however, they occur as 
shrubs. 


FLOWERING PLANTS 


As already pointed out, the 250,000 
known species of angiosperms produce 
their seeds within fruits. The fruits may 
become dry when they are mature, forming 
structures such as pea pods, bean pods, and 
lily capsules. Or they may become soft and 
fleshy, as in the case of tomatoes, grapes, 
watermelons, and peaches. 


MONOCOTS AND DICOTS 


There are two classes of angiosperms. 
The Monocotyledoneae are commonly 
called monocotyledons or monocots. The 
Dicotyledoneae are called dicotyledons or 
dicots. There are various differences be- 
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tween the two groups. Monocot e only 
one seed leaf, or cotyledon, in the embryo. 
Dicots have two seed leaves. 1 flower 
parts of monocots are in threes ı multi- 
ples of three. Those of dicots “rc most 
often in fives, or multiples of five ‘ess fre- 
quently in fours, rarely in twos and threes. 
The leaves of most monocots, including 
grasses and irises, are much longer than 


they are wide, and the veins usually run in 
the same direction lengthwise in the leaf. 
Leaves of most dicots—elms, lettuce, ma- 
ples, and lilacs, for example—are about as 
long as they are broad or usually not more 
than two or three times longer than they are 
broad. The veins form an extensively 
branched network in the leaf. The stems of 
monocots generally lack cambium. Conse- 
quently, they increase but little in diameter. 
(The palms form a notable exception.) 
Most species of dicots have cambium in 
their stems and roots. As a result, their 
girth, especially in trees, is likely to be very 
impressive. 

How did the angiosperms originate? 
The prevailing view, based largely on spec- 
ulation, is that the earliest angiosperms 
evolved from the seed ferns or some other 
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\lants on the opposite page are examples of monocots. 

right: awns of wheat, narcissus blossom, stem and fo- 

liage of a coconut palm. Plants shown above are dicots. Left 
it: lilac blossoms, petunia blossoms, sugar maple tree. 


up of primitive and now extinct plant 

ms. It is generally agreed that the most 
primitive living angiosperms are probably 
the magnolias, tulip trees, and their rela- 
t . Other types of angiosperms may have 
evolved from primitive magnolialike ances- 
iors. Most botanists regard the monocots as 
levivitives of primitive dicots of the magno- 
lia type. The older view that monocots are 
more primitive than dicots is no longer ac- 
cepted. 

There are almost 50 orders of angio- 
sperms. These orders are subdivided into 
about 300 families, which cannot be de- 
scribed in a brief account of this type. The 
monocot orders include cattails, grasses, 
sedges, lilies, tulips, narcissuses, irises, 
amaryllids, palms, bananas, and orchids. 
Among the dicot orders are almost all 
broad-leaf trees, such as willows, elms, 
oaks, maples, apples, walnuts, mahoganies, 
locusts, plum trees, and the like; most 
shrubs, including lilacs, privets, roses, for- 
sythias, and snowballs; most woody vines, 
such as wisterias; and thousands of species 
of plants that generally have herbaceous 
stems, such as sweet potatoes, bindweed, 
morning glories, petunias, marigolds, zin- 
nias, celery, soybeans, sweet peas, and 
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larkspurs. The monocots number about 
50,000 species; the dicots, nearly 200,000. 


PLANT STRUCTURE 


All angiosperms have well differentiat- 
ed conducting, food-making, storage, and 
strengthening tissues. The typical angio- 
sperm body consists of four major parts: 
roots, stems, leaves, and flowers. 

There are notable variations among 
roots. For example, grass roots are slender, 
fibrous structures. Those of carrots, sugar 
beets, and turnips become fleshy and en- 
larged as food and water are stored in them. 

Stems are just as varied. Certain stems 
are modified into tendrils or into organs of 
food storage. The bulbs of onions and Irish- 
potato tubers are examples of the latter. 
Some stems are modified for vegetative 
reproduction. The runners of strawberry 
plants, and rhizomes of quack grass are 
examples. 

The leaf forms of angiosperms are 
almost infinitely varied. The leaves of most 
species are broad and thin. In some flower- 
ing plants, they are modified into tendrils. 
In still others, they form protective scales 
over buds. Leaves of certain species, such 
as the Venus’s-flytrap, are specialized for 


SEED PLANTS 


69 


70 


trapping and digesting the bodies of insects. 
Century-plant leaves serve primarily for 
food or water storage. 

The flowers are where the reproduc- 
tive processes that lead to seed formation 
take place. Like the other plant structures, 
flowers show great variety. Some flowers, 
such as peonies, roses, and carnations, 
have brightly colored, showy petals. Other 
flowers, such as those of oak and willow, 
have no petals at all. Most flowers contain 
both stamens, or male parts, and a pistil, or 
female part. But in oaks, willows, and wal- 
nuts, some flowers have stamens while 
others have pistils. 

The mode of pollination—the transfer 
of pollen grains from stamens to the stig- 
mas, or tips, of pistils—depends upon the 
type of flowers found on a plant. In some, 
particularly if the flowers are conspicuous 
because of the size or color of their petals, 
or are fragrant, or if they produce nectar, 
insect pollination takes place. In others, 
wind carries the pollen. 

Pollination is the first stage in the re- 
productive process. When a pollen grain, 
carried by insects or other animals (such as 
hummingbirds) or by the wind, lands on a 
stigma, it begins to grow, forming a long, 
slender pollen tube. This grows downward 
into the ovary of the pistil. Within the ovary 
are the ovules. Each ovule contains a 
central structure—the embryo sac—within 
which a single female sex structure, the egg, 
is produced. A pollen tube enters a pore 
(micropyle) in the surface tissues of the 
ovule, and discharges sperms into the em- 
bryo sac. A sperm fertilizes the egg, and the 
fertilized egg, or zygote, begins developing. 

Foods are transported into the ovule. 
It grows and its surface cell layers develop 
into the seed coat. In the meantime foods 
and often water move into the tissues of the 
surrounding ovary, which ultimately forms 
the mature fruit, which releases seeds. 
When a seed reaches the soil and finds suit- 
able conditions of temperature, moisture. 
and oxygen supply, its embryo sprouts and 
in time grows into a mature flowering plant. 
In some angiosperms, including navel or- 
anges, pineapples and bananas, fertilization 
does not occur; the fruits are seedless. 
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IN MANY ENVIRONMENTS 


Angiosperms thrive in just about 
every type of climate and cnvironment. 
And although the angiosperms are pri- 
marily land plants, they incli - 
cies of water plants. These 
pally in the fresh water of la 
and streams. Among aquatic 
aquatic freshwater angiospi 
lilies, cattails, duckweed, p 
grass, and frogbit. Very fe 
grow in salt water. 


PEOPLE USE ANGIOSPERM 


Angiosperms play a more i 
part in our lives than any othe 
Generally they are beneficia 
We derive some of our mos 
products from angiosperms 
source of such foods as fruits 
tables, and nuts. 

Angiosperms supply u 
woods such as oak, hickory 
and mahogany. We get nonalc 
ages from coffee, tea, and coco ple 
fibers from cotton, flax, and he a 
Angiosperms are also responsible for the 
flavors of spices; for latex products such as 
rubber, chicle, and gutta-percha; for esse 
tial oils used in perfumes, colognes, Soaps, 
and cosmetics; for drugs such as quini 
digitalis, cocaine, and belladonna; and 
tannins and dyes. i 

Angiosperms are beneficial to us in 
less direct ways. Their roots check soil ero- 
sion and thus aid in preventing floods. The! 
provide shelter and food for many wild 
animals. They lend beauty to landscapes. — 

On the other hand, certain angio- 
sperms are harmful or disadvantageous to 
human beings. Some species are weeds that 
compete with crop plants for space, light, 
water, and soil nutrients. Certain angio 
sperms liberate wind-borne pollens that 
cause various kinds of allergies. Other 
species produce toxic substances that 
cause surface or internal poisoning. Still 
other species, such as the opium poppy: 
Erythroxylon coca, and the hemp plant 
produce narcotic substances that cause 
human misery and economic loss. 


VITAL PROCESSES 
OF PLANTS 


There are certain important differences 
(ween plants and animals. First, most 
plants are able to manufacture their own 
od supply by a series of chemical reac- 
tuons known as photosynthesis. No animal 
n do so, unless certain lowly organisms, 
ed phytoflagellates, are animals, as 
ny zoologists believe. Second, animals 
nerally have a maximum size and a rather 
linite form. These do not change to any 
rked extent after the animals become 
ture. In plants, both size and form are 
e variable and depend on the nature of 
environment. Third, the cell walls of 
lants are made up primarily of a car- 
vydrate compound called cellulose. 
Practically all animals lack cellulose. The 
nly exceptions are the tunicates, whose 
coat is almost identical with cellulose. Fi- 
nally, most plants are firmly fixed in the soil 
n which they grow, while most animals can 
move from one place to another. 

Fhe differences between plants and 
animals, then, are quite striking. Yet the 
$ ities between them, particularly 
when we consider their vital processes, are 
perhaps even more remarkable. Both plants 
and animals use foods as sources of energy 
and as materials for the building of their liv- 
ing substance. Both are able to digest com- 
plex foods. Both produce regulating sub- 
stances called hormones, which influence 
various processes of development. Both 
grow as new cells are formed from old cells 
or as cells are enlarged. In both plants and 
animals, previously similar cells become 
differentiated, in accordance with an order- 
ly pattern, to yield the final body form. Both 
plants and animals take part in reproduc- 
tive processes that lead to the development 
of offspring. Both are composed mainly of 
water and require water, in varying quanti- 
ties, for the normal processes of life. Both 
transport materials within their bodies. 


Both are sensitive to the environment and 
are able to react to these conditions. 

When we deal with the vital processes 
of plants, therefore, we must not think of 
these processes as characteristic of plants 
alone. We must bear in mind that most 
of them are found, to a greater or lesser 
extent, in all living things. A rose plant 
assimilates and digests food, respires, 
grows, reproduces its kind, and responds to 
the varying conditions of its environment. 
So do earthworms, lobsters, and people. 


PLANT METABOLISM 


The word “metabolism,” as applied to 
plants, has a wide range of meaning, since it 
includes all the chemical reactions that go 
on within the living system. All phases of 
metabolism are derived ultimately from the 
energy supplied by the sun. Solar energy, as 
we shall see, plays a direct role in certain 
vital metabolic reactions. Through these 
reactions, such simple substances as water 
and carbon dioxide are built up into large 
molecules of sugar, starch, cellulose, fat, 
protein, and nucleic acids. Locked within 
these molecules is energy obtained from the 
sun—energy needed by the plant for the 
activities of life. In other metabolic reac- 
tions, the large molecules break down into 
simpler substances, often with the release 
of great quantities of energy. 

Some of this energy is lost to the plant, 
since it is given off in the form of heat. The 
rest is not immediately available. It is con- 
served at first, in the form of chemical 
bonds, in the substance called adenosine 
triphosphate (ATP). It is when the ATP 
splits up into adenosine diphosphate (ADP) 
and free phosphate that the energy stored 
up in the ATP is finally released to the 
plant. It is then used for such activities as 
growth, movement, reproduction, and the 
repair of bodily tissues. 
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VITAL PROCESSES OF PLANTS 


ESSENTIAL ELEMENTS 


The raw materials needed for the com- 

ated chemical reactions of metabolism 
we water, carbon dioxide, oxygen, and 
various nutrients absorbed from the soil. 
‘hey are introduced into the plant in dif- 
ferent ways. 

Water is absorbed by the surface cells 
il roots and is transported into the central 
portions of the roots. From there it passes 
hrough a conducting tissue called xylem, 
which extends upward from the roots into 
the stems and then branches from the stems 
into the buds, leaves, flowers, and fruits. 

Carbon dioxide, which usually makes 
up about 0.03 per cent of the atmosphere, 
enters plant bodies chiefly through pores in 
surfaces of leaves. The opening and 
closing of these pores, which are called 
zarta, are regulated by the expanding 
contracting movements of the special 
cells that surround them. The stomata are 
sually open in the light and are closed dur- 
ing the hours of darkness. 

he soil nutrients that seem to be nec- 
essary for the normal metabolic activities of 
all green plants include relatively large 
quantities of nitrogen, sulfur, phosphorus, 
potassium, calcium, and magnesium, and 
smaller quantities of iron, copper, man- 
ganese, zinc, molybdenum, boron, cobalt, 
and chlorine. These 14 elements, together 
with the carbon, hydrogen, and oxygen 
coming from atmospheric sources, make up 
the essential elements of plant nutrition. 
The lack of any one of these elements can 
prevent the normal functioning and de- 
velopment of a plant. 

The soil elements are absorbed mainly 
as electrically charged particles, or ions, 
which come from various chemical com- 
pounds found in the soil. Like water, the 
nutrient ions are absorbed by the roots and 
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then move upward in conducting tissue to 
the leaves and other aerial parts of plants. 

We know something about these es- 
sential elements, though much remains to 
be learned. Nitrogen, for example, forms 
part of the molecules of all nucleic acids 
and proteins, as well as of chlorophyll, a 
green pigment that plays a vital part in pho- 
tosynthesis. Phosphorus, too, is found in 
nucleic acids and proteins, and it is inti- 
mately involved in energy transformations. 
Magnesium is present in chlorophyll mole- 
cules. Zinc is essential in the formation of 
growth hormones. Though iron is not found 
in chlorophyll molecules, it plays an impor- 
tant role in their manufacture. It is also a 
part of certain active proteins, called en- 
zymes, that are involved in the release of 
energy from foods. 


PHOTOSYNTHESIS 


The substances drawn from the air and 
the soil are the raw materials that the plant 
uses in the manufacture of food. The first 
step is photosynthesis (“putting together in 
light”). In this process, water, absorbed by 
roots from the soil, and carbon dioxide, 
obtained from the atmosphere, react in the 
green tissues of plants in the presence of 
sunlight to form a simple sugar, glucose. 
This substance serves as a basic material 
from which the plant manufactures oth- 
er organic compounds, such as sucrose, 
starch, fats, and oils. 

Photosynthesis takes place only in 
cells that contain the green pigment chloro- 
phyll. In many plants, including most trees 
and shrubs, chlorophyll is present in the 
leaves and nowhere else. It is, therefore, 
only in the leaves of such plants that photo- 
synthesis can occur. In other plants, such as 
corn, zinnia, and tobacco, not only the 
leaves but the stem tissues as well contain 
chlorophyll and are therefore capable of 


A plant such as the corn plant (Zea mays), shown at left, draws in through its 
roots water and various nutrients. These pass upwards through conducting tis- 
sues (vascular bundles) into the stems and leaves. Carbon dioxide enters the 
leaves from the outer air through pores. In the leaves (and to a certain extent in 
the stem, in corn plants), carbon dioxide reacts with water in the presence of 
sunlight to form a simple sugar. Part of this is used by the plant as a source of 
chemical energy. Another part serves as a basic material from which the plant 
manufactures other compounds. In the photographs to the right of the diagram 


are close-ups of parts of the corn plant. 
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photosynthesis. In still other plants, includ- 
ing tomatoes and grapes, there is chloro- 
phyll in young fruits, which take part in the 
food-manufacturing process. 

Certain plant species lack chlorophyll 
and so cannot carry on photosynthesis. 
These species, which are mostly fungi and 
bacteria, cannot make organic compounds 
from simple inorganic substances of air and 
soil, as the green plants can. Therefore, like 
animals, they must obtain from green 
plants, directly or indirectly, the food sub- 
stances that these green plants manufac- 
ture. 

The process of photosynthesis is de- 
scribed in greater detail in the article “Pho- 
tosynthesis.” 


DIGESTION 


Many of the foods stored in plant tis- 
sues have a complex chemical structure or 
are insoluble in water. Therefore they can- 
not be quickly or easily used to provide 
energy or to build new tissue. They must 
first be converted into simpler foods or into 
water-soluble foods by metabolic processes 
called digestion. 

These processes are controlled by spe- 
cial proteins called enzymes, which are 
manufactured by living cells. There are 
many different kinds of digestive enzymes 
but all have certain features in common. 
They are so efficient that a small amount 
can act on a large amount of food very 
quickly. They are also highly specialized. 
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Each type of enzyme ordinarily digests only 
one type of food or several types of chemi- 
cally related foods. None of them are used 
up in the digestive processes that they 
promote. 

There are three major gr 
tive enzymes in plants: 
gesting, fat-digesting, and pri 
One of the most widely occurring plant 
enzymes is amylase, or diastase, which di- 
gests starch to malt sugar. Another is inver- 
tase, or sucrase, which digests cane sugar 
(sucrose) to glucose (grape sugar) and fruc 
tose (fruit sugar). 

Digestion is especially active in plants 
when seeds sprout. The reason is that the 
stored food of seeds is chiefly in the form of 
starch, fats, and complex proteins. These 
must be converted into simpler substances 
before they can be made to yield energy oF 
before they can be transformed into other 
Substances. Digestion also takes place 
when various fruits, such as bananas, ripen, 
and when potatoes and other tubers sprout. 
In these cases, starch has been converted 
into sugars. 


RESPIRATION 


ups of diges- 
bohydrate-di- 
tein-digesting. 


Living plants require large amounts of 
chemical energy for growth, reproduction, 
reactions to external stimuli, and other vital 
processes. This energy is made available 
through the process of respiration. During 
respiration, foods—chiefly glucose—are 
chemically broken down and their stor 


energy released. A part of the energy liber- 
ated by respiration is heat energy, which is 
ziven off into the air from the body surfaces 
of plants. Most of it, however, is the chemi- 
cal energy of ATP. 
The reacting substances and products 
of respiration, as it occurs in most plants, 
‘ay be represented by this simplified 
hemical equation: 


— 


>BQ, + 60, 


ne Molecule + Six Molecules Yield 
Glucose of Oxygen 


6H,0 + 6CO, + Energy 
(Stored in ATP) 


Six Molecules + Six Molecules of 
of Water Carbon Dioxide 
+ Energy 


This equation shows none of the inter- 

diate chemical reactions of the process. 

l»e respiration described by this equation 

i ed aerobic respiration, because it 

‘ rs in the presence of free gaseous oxy- 

`n, found in the atmosphere. This sort of 
piration occurs in most plants. 

Some lower plants, however, including 
yeasis and certain bacteria that normally 
live in the absence of free oxygen, carry on 
nother kind of respiration. This is known 
as anaerobic respiration, or fermentation. 
In this process, sugars are broken down in 
the absence of oxygen. The products that 
are formed are carbon dioxide and alcohol 
or some other compound, such as lactic 
acid. Anaerobic respiration is not limited to 
the lower plants. It may also occur in higher 
forms, if these are deprived of free oxygen. 


During daylight hours, the sugar glucose is manu- 
factured in the leaf more rapidly than it can be used 
or transported to other tissues. The excess glucose 
is converted into starch, which is stored in the leaf 
for a time. Later it is changed into a soluble sugar, 
which moves from the leaf. Top right: a starch test, 
applied to a bean leaflet after it had been exposed 
to sunlight. A stencil of the word “starch” had been 
set on the leaflet in the early morning. In the late 
afternoon, the stencil was removed and the chloro- 
phyll of the leaflet was extracted with alcohol. The 
leaflet was then treated with iodine and photo- 
graphed. The areas that had been exposed to the 
sun, including the stenciled letters, stained blue, 
indicating the presence of starch. Since glucose is 
quickly converted into starch in many plants, the 
presence of starch in a leaf shows that photosyn- 
thesis is going on. Starch, built up by the plant from 
glucose, is a form of stored food. It is found in great 
quantities, for example, in corn kernels, like the 
one at bottom right. 


It was formerly believed that aerobic 
and anaerobic respiration had very little in 
common. Actually, they are closely related. 
They both begin with the chemical conver- 
sion of glucose into an intermediate organic 
compound, pyruvic acid. In the presence of 
oxygen, pyruvic acid is converted into car- 
bon dioxide and water. This happens, of 
course, in the case of the higher plants, 
which carry on respiration in the presence 
of oxygen. If oxygen is absent, as is gener- 
ally the case with yeasts and bacteria, the 


Photo by Dr. Carl Wilson, from “Botany,” 4th ed., by C. Wilson and W. Loomis, 
copyright ©) Holt, Rinehart and Winston, Inc. By permission. 
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pyruvic acid is changed into carbon dioxide 
and alcohol, or lactic acid, or some other 
compound. 

The yeasts, which are one-celled fungi, 
are responsible for industrial alcoholic fer- 
mentation. They derive the energy for their 
growth and reproduction from their anaero- 
bic breakdown of sugar. The brewer is pri- 
marily concerned with the alcohol that they 
form in this process. From the viewpoint of 
the yeasts, however, the alcohol is only a 
waste product —it is the energy released in 
respiration that is vital to them. The carbon 
dioxide that is produced in alcoholic fer- 
mentation is given off in bubbles, which 
escape from the liquid or other medium in 
which the yeasts live. Carbon dioxide bub- 
bles liberated by yeasts in dough cause the 
dough to rise. 

The various processes that make up 
respiration are controlled by a group of res- 
piratory enzymes. They operate as control- 
ling mechanisms through a series of very 
complex chemical reactions. Some of the 
lower plants, which normally live under 
anaerobic conditions—that is, in the ab- 
sence of oxygen—are unable to carry on 
aerobic respiration when free oxygen is 
available. The reason is that they lack cer- 
tain enzymes required for the completion of 
aerobic respiration. 


COMPARING PHOTOSYNTHESIS AND 
RESPIRATION 


_ _ It is interesting to note that respiration 
is the reverse of photosynthesis. Respira- 
tion releases energy from foods, whereas 
photosynthesis stores energy in food. The 
products of respiration are carbon dioxide 
and water. The products of photosynthesis 
are glucose and oxygen. Respiration, how- 
ever, occurs in all living cells and occurs in 
both light and dark. Photosynthesis takes 
place only in green cells and only in light. 
Photosynthesis and respiration ac- 
count for various interesting phenomena 
involving leaves and other plant parts. 
Among other things, they explain why 
green plants give off oxygen during the day 
and carbon dioxide at night. Leaves and 
other green parts of plants carry on both 
photosynthesis and respiration during the 
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day, when they receive light. Under these 
conditions, photosynthesis proceeds more 
rapidly than respiration. 

The plant draws in much more carbon 
dioxide than it releases, and much less oxy- 
gen than it releases. The result, therefore, is 
that the plant gives off oxygen during the 
daytime. 

At night, with the disappearance of 
light, photosynthesis comes to an end, Res- 
piration, however, continues, since it is 
independent of light. The result is that the 
plant gets oxygen from the atmosphere. It 
releases carbon dioxide (an enc duct of 


respiration) to the atmosphere, but does not 
release oxygen. At night, therefore, plants 
deplete the supply of oxygen and add to the 
supply of carbon dioxide. 
PLANT GROWTH 

In plants, as in animals, growth is a cel- 
lular process. It involves the production of 
new cells from pre-existing ones, the en- 
largement of newly formed cells. and, final- 
ly, the differentiation of enlarging cells into 
the mature tissues of the body. Obviously, 


increase in size is only one phase of the to- 
tal growth process. 

Various requirements must be met if 
normal growth is to take place, There must 
be abundant chemical energy, which is 
provided by respiration. The growing plant 
must have proteins and other organic com- 
pounds for the building up of protoplasm. It 
must have cellulose and various related 
compounds for the construction of cell 
walls. Conditions that interfere with photo- 
synthesis or that cause stored food to be 
depleted are quickly reflected in diminished 
growth. 

Higher plants have special growth 
zones known as meristems. These are l0- 
cated in the buds of stems, in young flower 
parts and young fruits, and immediately 
behind the tips of young roots. Lateral, or 
side, meristems occur in the stems and 
roots of many plants as a growth layer 
called the cambium. The cambium is lo- 
cated just outside the xylem tissue. In the 
outer portion of tree bark, a meristematic 
tissue called cork cambium makes up the 
surface of woody stems and roots. Another 


type of meristematic tissue, the pericycle, 
lies in the central mass of root tissues. It 
gives rise to new cells that develop into root 
branches. 

Meristematic cells have thin, elastic 
walls, abundant protoplasm, and a high lev- 
el of metabolic activity. The creation of 
new cells begins with the formation of large 
quantities of deoxyribonucleic acids 
(DNA). These substances, found in the 
chromosomes of the cell nucleus, are inti- 
mately connected with development ac- 


HEARTWOOD 
SAPWOOD Pa 
CAMBIUM 
BARK 


The growth zones, or meristems, in various parts of 
a tree. A shows a stem with terminal bud. The 
growth zone is shown close-up in B. C is a cross 
section of a tree trunk. The growth zone is indi- 
cated by the dark area (cambium). D shows the 
growth zone in a root tip. 


cording to a hereditary pattern. DNA con- 
sists of four kinds of building blocks. The 
order in which these building blocks occur 
determines the order of the amino acids 
that make up the proteins of cells. Thus it 
controls the nature of the cellular enzymes 
and the general development of the cell. 
When the DNA in the cell has doubled 
in quantity, two nuclei form from the origi- 
nal nucleus of the meristematic cell. As 
these two nuclei, both identical to the par- 
ent nucleus, are produced, a new wall is 
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formed across the cell and two cells arise, 
each with its own nucleus. Millions of new 
cells are created in this way by cell division, 
or mitosis, during the growth of a plant. 

The newly formed cells increase rapid- 
ly in size, partly through the assimilation of 
food into their protoplasm, partly through 
the accumulation of water in the cells. The 
cell walls are stretched in the process. 

The next phase of growth is cell differ- 
entiation. Division of labor occurs among 
the newly formed, enlarging, and maturing 
cells. As a result, the various permanent 
tissues are formed. These include conduct- 
ing, strengthening, food-making, and stor- 
age tissues. Ordinarily, mature tissue cells 
do not divide any more, but retain their 
characteristics and their functions through- 
out their lives. Under certain conditions, 
however, some cells may continue to un- 
dergo division, thus contributing to further 
growth. This often occurs in the formation 
of roots on stem and leaf cuttings. 

The growth of plants is under the gen- 
eral control of hormones, which are synthe- 
sized by plants and which are present in all 
their growing tissues. One growth hor- 
mone, indole-3-acetic acid (IAA), has been 
chemically isolated from plants. It has been 
shown to influence cell enlargement, leaf 
fall and fruit fall, the growth of fruits from 
the ovaries of flowers, the mutual interac- 
tions of buds, and various other growth 
phenomena. Another substance of more 
complicated chemistry, called gibberellin, 
has also been isolated. Gibberellin controls 
the growth of stems and the onset of flower- 
ing and fruiting in certain plants. Sub- 
stances called kinins also occur in plants. 
They regulate cell division and the pro- 
cesses of aging. 

Certain synthetic organic compounds 
that are chemically related to [AA are now 
available in commercial preparations. They 
are used to hasten the formation of roots on 
stem cuttings, to reduce or prevent prema- 
ture fruit fall from trees, to produce seed- 
less fruit, and to overcome the dormancy of 
tubers, bulbs, and other underground 
stems. They serve to kill weeds by acceler- 
ating their respiration and thus depleting 
their food reserves. They promote the heal- 
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ing of wounds left by pruning, hasten tissue 
unions in grafts, and retard the growth of 
trees in nursery storage. 

Gibberellin is also available commer- 
cially, being produced in a fermentation 
process by a fungus. It serves to promote 
germination and to increase the growth rate 
of yield, especially in grapes and other fruit 
crops. Germination may be stimulated by 
synthetic kinins. These substances also 
promote bud growth and increase the lon- 
gevity of cut leaves and flowers. 


ENVIRONMENT AND PLANT GROWTH 


The growth of plants is influenced toa 
certain extent by the conditions of the envi- 
ronment. Among the most important envi- 
ronmental factors is the availability of wa- 
ter, oxygen, carbon dioxide, and soil nu- 
trients. Soil and air temperatures are also 
Vital factors. So are light intensity and light 
duration — that is, the number of hours of 
light received every day. Poisons, mechani- 
cal factors such as pressure and contact, 
and the attacks of parasites also affect 
growth. 

Different species of plants are affected 
in various ways by these external influ- 
ences. Some plants, such as water lilies, are 
able to grow only in water. Others, includ- 
ing most cacti, thrive in soils in which the 
water supply is extremely limited. The 
majority of plant species grow best in soils 
of moderate to abundant moisture content. 
Different species of plants also react dif- 
ferently to temperature conditions. Plants 
that are natives of far northerly latitudes 
are able to withstand low winter tempera- 
tures without injury but cannot endure high 
Summer temperatures. Plants of tropical 
origin must have warmth throughout the 
year. 

Plants also have different soil nutrient 
requirements. For example, some species 
require high concentrations of nitrogen, 
while others thrive only if relatively low 
Concentrations are present. Since plants 
Teact in different ways to the food elements 
in the soil, they require different kinds of 
fertilizers for maximum production. 

Plant growth is influenced to a marked 
degree by the gases present in the atmo- 
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manner of growth in plants is affected by the environment. The broad leaves 

water lily (left) float on the surface of ponds and streams. These leaves 
off considerable moisture because of their huge size. This allows the plant 
je in water. The baobab (right) has a bottle-shaped stem that acts like a 


ge to hold water for the dry season. 


re. The concentrations of carbon diox- 
und oxygen in the atmosphere fluctuate 
ittle. Therefore these gases, required 
fo: plant metabolism, are usually available 
© plants in adequate quantities. Some- 
’s, however, unwanted gases accumu- 
laie. In heavily industrialized areas, where 
| and coal are burned ona large scale, and 
sions of hot springs and active volca- 
s, gases that are not ordinarily found in 
the at imosphere may be present in harmful 
concentrations. They may hold back plant 
growth and may even kill unusually sensi- 
tive plants. These harmful gases include 
carbon monoxide, sulfur dioxide, hydrogen 
fluoride, hydrogen sulfide, and chlorine. 
Since light is essential in photosynthe- 
sis, it is an all-important factor in plant 
growth. Most plants cannot live long in the 
absence of light, for under such conditions 
they manufacture no food and therefore 
starve. Plants that are kept for a time in 
darkness or in very dim light develop long, 
weak stems. Their leaves remain stunted 
and underdeveloped, and they fail to de- 
velop chlorophyll in their tissues. The in- 
tensity of light is also important. For exam- 
ple, most range grasses, sunflowers, corn, 
wheat, and milkweeds are sun-loving plants 
that grow best in bright sunlight and cannot 
Survive in partial or general shade. On the 
other hand, mosses, ferns, cocoa trees, and 
many woodland wild flowers cannot endure 


full sunlight for a prolonged period of time. 
They can live and grow normally only when 
they are shaded during all or most of each 
day. 


PLANT MOVEMENTS 


Both plants and animals possess the 
property of irritability. That is, they are 
sensitive to various factors of the environ- 
ment and they can react to these factors by 
a series of movements. In some ways, such 
reactions are quite similar in plants and 
animals. In both these forms of life, the 
reactions are brought about by such stimuli 
as temperature, light, contact, chemical 
agents, electricity, gravity, water, and gas- 
es. In both animals and plants, the stimuli 
are frequently transmitted from one part of 
the body—a receptive zone—to another 
part—a reactive zone. 

In some important respects, however, 
plant reactions resulting in movements dif- 
fer from the corresponding animal reac- 
tions. For one thing, the reactions of all 
higher plants involve only the movements 
of parts and never the movement of the en- 
tire body of the plant from one place to an- 
other. Again, the reactions of most animals 


result from the contraction and extension of 


muscles; those of plants, from shifts in 
growth rates or changes in internal water 
pressure. In the third place, the higher ani- 
mals have specialized sense organs that 
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receive external stimuli. Plants, with few 
exceptions, have no such specialized struc- 
tures. They receive stimuli from the outer 
world rather generally through their more 
newly formed tissues. Finally, in most ani- 
mals the effects of stimuli are transmitted 
by specialized nerve tissue. In plants they 
are transmitted by diffusing chemical sub- 
stances. 

Plant movements are brought about 
either by changes in growth rates —that is, 
by growth reactions —or by changes in in- 
ternal water pressure —the so-called turgor 
reactions, or movements. These two kinds 
of reactions differ in various respects. 
Growth reactions occur in all higher plants, 
wherever there are actively growing tis- 
sues. Turgor movements, however, are 
found only in certain families of flowering 
plants, including the legumes, wood sorrels, 
and several other groups. Growth reactions 
are the chief means by which the higher 
plants adjust to their environment. They 
are definitely beneficial to the plants. Tur- 
gor movements rarely benefit the plants in 
which they occur. Growth reactions re- 
quire hours, days, or even weeks for their 
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A striking illu n of the 
importance o it in the 
growth of ple The bean 
on the left was ena nor- 
mal amount yht while 
the bean on the tgrewin 
darkness. 
‘Moody Institute of Science, Inc. 
completion. Turgor moveme: ire re- 
latively rapid; they may be com >d with- 
in a second or, at most, in 30 m es 
Growth reactions. The most important 
growing reactions are known as isms, a 
word derived from the Greek trope, mean- 
ing “a turning.” Tropisms of plants are 


bending movements of more or less cylin- 
drical organs, such as stems, roots, and 
stalks. They are caused by different con- 
centrations of growth hormones on the two 
sides of the stimulated organ. z 

There are different kinds of tropisms. 
These are indicated by an appropriate 
Greek word placed before “tropism.” The 
prefix represents the type of stimulus. For 
example, sunlight brings about phototro- 
pism—photos is the Greek word for light. 
The earth’s gravitational force causes geo- 
tropism—geo means “earth.” A reaction to 
water is called hydrotropism—/ydro means 
water. Contact brings about thigmotro- 
pism—thigma means “touch”. And a reac- 
tion to shadow is called skototropism— 
skoto means “darkness.” The normal 
growth hormone, indole-3-acetic acid, is 
involved in all tropisms. 


Phototropism and geotropism have 
en more thoroughly investigated than the 
t. Phototropism takes place when a plant 
)ws in such a way that one side receives 
re illumination than the other, as in the 
: of a plant set upon a windowsill. Un- 
such conditions, the plant will turn its 
ıs and leaves toward the sun, If such a 
nt is to grow symmetrically, it should be 
ned regularly (if it is in a flowerpot), so 
t the different sides will face the sun in 


You can observe the action of geotro- 

), brought about by the stimulus of the 
h’s gravitational force, when you place 
ant in a horizontal position. Within a 

hours or days, the main stem of the 

will begin to bend upward, assuming 
iormal upward direction of growth. The 

n roots will bend downward. 

n either phototropism or geotropism, 
sre can be no question of purposeful ac- 
A plant growing on a windowsill does 
turn its leaves and stems toward the 
because it is seeking a source of light. 
plant is set horizontally, it does not 
iggle to attain an erect position. In either 

e, the movements result from the un- 

ial distribution of growth hormone. 

In a plant growing vertically, the hor- 
ne is formed in the tip of the stem and 
inarily diffuses downward into rapidly 

varging cells. It diffuses equally on all 
If, however, light intensity is greater 
on one side than on the other, an unequal 
distribution of growth hormone occurs. The 
less brightly illuminated side will then re- 
ceive more of the growth hormone than the 
other side, The darker side will grow more 
rapidly than the opposite one, and, as a re- 
sult, the stem will bend. 

A shift in hormone distribution also 
occurs if a plant is placed in a horizontal 
position. The lower side of the stem will 
receive more hormone than the upper one. 
Hence growth will occur more rapidly on 
the lower side, and the stem will slowly 
bend upward. 

Similar inequalities in distribution of 
growth hormone, corresponding to shifting 
external stimuli, are responsible for other 
tropisms, such as the skototropism exhib- 


ited by certain vines. When the vine seed- 
lings first emerge, they grow toward the 
shadow of the nearest object up which they 
may be able to climb. This is not merely 
negative phototropism, since seedlings 
around a tree will approach it from all 
directions. Once the vines start to climb, 
they revert to phototropism. Botanists still 
do not understand how stimuli bring about 
growth-hormone movement. 

Turgor movements, These occur in the 
flowers of some species of plants, such as 
moonvine, morning glory, and four-o’clock. 
They occur in the leaves of other species, 


Top: phototropism. Successive stages in the pho- 
totropic bending of a bean seedling. Exposures 
were made on the same plate at 40 minute intervals. 
Middle: geotropism. The main stem of the plant 
bends upward, while the main roots bend vertically 
downward. Bottom: the bean roots grow down- 
ward, no matter in what position the bean is placed 


(top) From "The Plant World,” by H. J, Fuller and A, B. Carothers, ©) Holt, Rine. 
hart, and Winston, Inc. By permission, (middle) William G. Smith, Jr.— Boyce. 
Thompson Institute for Plant Research. (bottom) Moody Institute of Science, Inc 
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A wild cucumber tendril attaches itself to a support. 
When contact is made (left), the tendril twines 
around the support. The twining movement stops 
and a series of coils (right) is produced. These 
movements are turgor movements. 


including clovers, beans, locusts, and vari- 
ous plants that trap and digest insects. 
Apparently hormones are involved in tur- 
gor movements, just as they are in tro- 
pisms. Little is known of these hormones. 
They seem to be chemically different from 
indole-3-acetic acid, the hormone that is 
involved in tropisms. 

The turgor reactions of the flower pet- 
als and leaves of such plants as clovers and 
locusts are usually called sleep movements, 
because they are stimulated by the daily 
changes of light intensity as night alternates 
with day. The leaflets of white clover, for 
example, occupy a horizontal position be- 
tween sunrise and sunset. At nightfall, they 
point upward from the stem and maintain 
that position during the night. At dawn, 
they return to their daytime horizontal posi- 
tion. In garden beans, the leaflets point 
downward from the stem at night and have 
a horizontal position during the day. 

Leaf reactions such as these result 
from changes in the internal water pressure 
of small masses of tissue, located at the 
bases of the leaflets, in response to chang- 
ing light conditions. Ordinarily, these reac- 
tions are rather rapid; sleep movements are 
usually completed within 30 minutes after a 
pronounced change in light intensity. The 
exact significance of these movements is 
unknown. Most authorities assume that 
they do not benefit the plant. 
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Some turgor movements, such as the 
daily sleep movements of leaves and flow- 
ers, will persist for many days even if the 
plant is removed to a totally darkened 
room. Such persistent rhythms, called en- 
dogenous rhythms, maintain a roughly 24- 
hour interval, and are believed to be con- 
trolled by internal timing mechanisms 
called biological clocks. The nature of such 
mechanisms is unknown 

The plant called the Venus’s-flytrap 
ensnares insects in its leaves as a result of 
rapid turgor movements in the leaf halves, 
Each leaf has a hinged portion, whose inner 
surface contains hairs sensitive to contact. 
When an insect alights on these hairs, the 
contact stimulus causes the leaf halves to 
close rapidly. The reaction is usually com- 
pleted within two seconds and effectively 
traps the insect. The leaf then digests the 
softer parts of the victim's body. The Ve- 
nus’s flytrap is one of the few plants with 
Specialized sensory devices—the hairs on 
the inner surface of the leaf. Obviously, in 
this case the turgor movement is beneficial 
to the plant. 

The leaves of the sensitive plant 
(Mimosa) fold in a striking fashion when 
they are touched or when they are subject- 
ed to electric shock or to changes in light 
intensity. These reactions. like those of the 
Venus’s-flytrap leaves, are almost instanta- 
neous. They result from rapid turgor 
changes in cushions of the cells at the bases 
of the leaflets. It is hard to see how these 
reactions benefit Mimosa. 


REPRODUCTION 


There are certain other vital processes 
that are of the utmost importance in the 
development and survival of plant spe- 
cies —those that have to do with reproduc- 
tion. 

Recent investigations have thrown 
much light on the formation of flowers and 
on other phases of reproduction in flower- 
ing plants. Flowers are really clusters of 
Organs that have to do with the processes of 
reproduction. Their formation is influenced 
by various factors: the availability of stored 
food in the plant and temperature and light 
conditions — particularly the periods of light 


duration, or photoperiods, as they are 
called. 

Large amounts of food are required for 
formation of flowers, for the reproduc- 


} 


tive processes occurring within flowers, 
nd for the development of fruits and seeds 
ım flowers. This food is used partly to 
rovide the necessary energy, partly to 
uild up new protoplasm and cell walls. 
very flowering plant, therefore, must pass 
rough a vegetative period, which varies in 
gth in different species. During this peri- 
|, the plant absorbs raw materials, manu- 
tures and stores food, and grows, before 

n form flowers. 
The plant does not necessarily begin to 
ver after a certain quantity of food re- 
ves has accumulated. Many plants re- 

e exposure to certain definite tempera- 

es or photoperiods, or both, before they 
in form flowers. For example, winter- 
heat plants and apple trees must have at 

t a brief exposure to low winter temper- 

‘ures before they can flower normally. 

‘hat is why they cannot be successfully 

grown in the tropics. Some plants require 
rt photoperiods; others, moderate ones; 
|| others, long ones. 

We do not know just what these criti- 
cal temperatures and photoperiods have to 
do with the formation of flowers. However, 
t appears likely, on the basis of numerous 

periments, that a specific flowering hor- 
mone is produced within plants under the 
proper conditions of temperature and light. 
his flower-inducing hormone has tenta- 
tively been named florigen. Its chemical 
composition has not yet been determined, 
but it appears to have some relation to the 
gibberellins. The influence of temperature 
and light on florigen production appears to 
depend upon the action of a recently dis- 
covered protein pigment called phyto- 
chrome. Phytochrome can exist in two 
forms, which we can think of as a “dark” 
form and a “light” form. The ratio of these 
two forms is controlled by heredity, tem- 
perature, and light, and controls many 
aspects of plant behavior. 

After flowers have appeared and have 

opened, their reproductive processes begin. 
The first of these processes is pollination. 


This is the transfer of pollen grains by in- 
sects, birds, or wind from the stamens, or 
male parts, to the pistils, or female parts, of 
flowers. 

Within the pistil, pollen grains form 
tubes. These reach the ovules, or immature 
seeds, located in the ovary, which is at the 
base of the pistil. Fertilization then occurs, 
as sperms from the pollen grains unite with 
eggs within the ovules. One sperm fertilizes 
one egg. The fertilized egg, or zygote, then 
begins to develop. Ultimately, it will be- 
come the embryo of the seed. 

Under the stimulus of the growth hor- 
mone contained in the pollen, the ovary 
also begins to grow, During this period, 
large amounts of food and often water 
move into the ovaries and ovules. As the 
ovule grows, its surface cell layers develop 
into the seed coat. The ovary becomes a 
mature fruit. 

If the fruit is a dry fruit, as in bean, tu- 
lip, and corn plants, it will split open, either 
along a definite seam or irregularly. If it is a 
fleshy fruit, as in tomato, grape, and peach 
plants, its tissues ultimately disintegrate. In 
either case, the seeds are liberated from the 
inside of the fruit. 

If the seeds reach the soil, and if the 
temperature, moisture, and oxygen condi- 
tions are suitable, the seeds will germinate. 
The embryo, in time, will grow into a ma- 
ture flowering plant and the cycle will begin 
anew. 

In many plants, the development of 
fruits from ovaries and of seeds from ovules 
exerts such a drain upon the food stored in 
roots, stems, and leaves that these vegeta- 
tive parts die. This commonly happens in 
annual plants, in biennials during the sec- 
ond year of their life, and in some peren- 
nials. 

For instance, century plants have a 
vegetative period as long as 40 years. After 
that, they flower once, produce seeds, and 
die. There is sketchy evidence that, in 
some species at least, the repressive effects 
of fruiting upon vegetative growth may be 
due to hormonal action. It is becoming in- 
creasingly clear to scientists who study 
plants that hormones play important roles 
in plant reproduction. 


VITAL PROCESSES OF PLANTS 


83 


PHOTOSYNTHESIS 


by Beth Schultz 


Sometimes, in a plot of grass, you can 
see a mushroom. The mushroom is easy to 
see because it is usually white, whereas the 
grass is green. 

Grass is green because it contains a 
chemical known as chlorophyll. The name 
comes from two Greek words that mean 
“green leaf’. Mushrooms do not contain 
chlorophyll. Nor do plants such as molds 
and bacteria. But most of the plants with 
which you are familiar—trees, flowering 
plants, ferns, mosses, algae—are green 
plants. At least some of their cells con- 
tain chlorophyll. 

Chlorophyll enables a green plant to 
make food. Practically all other plants and 
most animals cannot make their own food. 
They depend on green plants for food, ei- 
ther directly or indirectly, and also, as we 
shall see, for oxygen. 

The process by which green plants 
make food is called photosynthesis. The 
word “photosynthesis” is derived from two 
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Greek words meaning “light” and “putting 
together.” Green plants put certain chemi- 
cal elements together to make food. To do 
this, they need light energy. Normally this 
energy comes from the sun. But green 
plants can also grow indoors, using light 
from electric lamps rather than from the sun 
to carry on photosynthesis 

In addition to light energy and the 
presence of chlorophyll, plants need carbon 
dioxide and water to make food. Through a 
series of complicated reactions, food in the 
form of sugar is made. This sugar is often 
converted into starch, which stores the 
chemical energy of sugar. 
IMPORTANCE OF PHOTOSYNTHESIS 


All living things need a constant supply 
of energy. One constant source of energy 
on earth comes from the sun, in the form of 
radiation. In photosynthesis, energy in the 
form of radiation, or light from the sun, is 
changed into chemical energy 


Swiss Travel Bureou 


Cattle feeding on grass. By 
means of photosynthesis, 
the grass produces food- 
stuffs for its own benefit. 
But the cattle also get the 
benefit of the food in the 
grass: after eating it, they 
convert the grass into en- 
ergy for life and into flesh. 
People indirectly "eat" the 
grass when they eat beef. 


Green plants, of course, carry out pho- 
tosynthesis to make food only for them- 
elves. But animals and nongreen plants 
depend on green plants for their food, 
which contains the energy they need for 
life. They also need the oxygen given off by 
green plants in photosynthesis. 

Some animals, such as cows, horses, 
nd certain fish, eat the green plants. Other 
animals, such as lions, eagles, and sharks, 
eat the animals that ate the green plants. 
Nongreen plants get their food from either 
dead or living animals or plants. 


THE STUDY OF PHOTOSYNTHESIS 


The chemical activities of green plants 
did not begin to be scientifically recognized 
until some 300 years ago. In the 1640s, a 
Flemish doctor named. Jan Baptista van 
Helmont put 90 kilograms of dry soil into 

n earthenware pot. He soaked the soil 
with water and planted a 2-kilogram willow 
in it. For five years Van Helmont protected 
the willow from dust. He also supplied it 
th pure water only, in the form of rain or 
distilled water. 

At the end of this time,Van Helmont 
removed the willow from the pot and 
sighed the plant. He found that the willow 
id grown to weigh 76 kilograms, a gain of 
74 kilograms. The soil, after it had been 
dried, weighed nearly 90 kilograms— 
nearly as much as it did at the beginning of 
the experiment. 

The Flemish doctor concluded— 
wrongly, as we know now —that the extra 
74 kilograms of willow plant developed 
only from the water he had supplied to it. 
He did not suspect how important the sub- 
stances in air and soil also were for the 
growth of the plant. 

The idea that plant matter comes from 
water alone lasted until the 1770s. In 1771, 
the English chemist Joseph Priestley ob- 
served that green plants, in daylight, “re- 
store,” or refresh, air that has been “i 


in- 
jured,” or exhausted, by candles burning or 
by animals breathing. That is, green plants 
somehow reverse the chemical effects of 
breathing and burning. In air refreshed by 
green plants, candles could burn and ani- 
mals could breathe again. Priestley, how- 


ever, did not then know about oxygen and 
the role it played in these experiments. 

Modern understanding of photosyn- 
thesis really began with the discovery of 
oxygen and the work of a Dutch-Austrian 
physician named Jan Ingenhousz. 

Beginning in the 1770s, Ingenhousz 
conducted experiments on plants and un- 
covered some basic facts about photosyn- 
thesis. He also showed that green plants do 
not “purify” the air at night. Instead of tak- 
ing in carbon dioxide and water and giving 
off oxygen, green plants in darkness simply 
respire. That is, they take in oxygen and 
produce carbon dioxide and water as 
wastes. Ingenhousz, however, did not 
realize that plants also respire in sunlight. 

Another great step in photosynthetic 
study came in 1837, when chloroplasts were 
discovered. These are tiny green bodies in 
the cells of most green plants. Later it was 
found that chloroplasts are green because 
they contain chlorophyll. These are the cell 
parts where photosynthesis takes place. 

In the following years, scientists 
learned in more detail how light, chloro- 
phyll, water, and carbon dioxide are needed 
to produce food and oxygen. In 1938, Rob- 
in Hill, an English chemist, discovered that 
oxygen released during photosynthesis 
comes from the molecules of water ab- 
sorbed by green plants. 

Until the late 1930s, most of the com- 
plicated reactions of photosynthesis were 
unknown or little understood. Since then, 
new techniques have opened the way to 
rapid progress. The electron microscope, 
for example, has helped in the study of the 
structure of chloroplasts. With a chemical 
method known as chromatography, scien- 
tists have been able to separate and analyze 
very small amounts of plant substances. 
Still other very sensitive methods have 
been used to detect plant chemicals. 

To study the substances that are 
formed during photosynthesis, scientists 
also use atoms that give off radioactivity. 
By detecting the nuclear radiation from 
these atoms, scientists can follow the vari- 
ous chemical elements through the photo- 
synthetic reactions. Thus, they identify the 
compounds that are formed. 
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THE CHEMISTRY OF PHOTOSYNTHESIS 


When a chlorophyll molecule absorbs light, one of its electrons becomes “excited.” That is, the electron acquires 
additional energy and leaves the molecule. This electron can supply the energy needed to form new compounds. 


After electrons are released from the chlorophyll molecules, substances called electron carriers take them ' 
ergize the following chemical reaction. A phosphorus-containing compound called adenosine diphospho'e 
ADP for short, reacts with other phosphate groups (P) to make adenosine triphosphate, or ATP. 


As these reactions occur, another also takes place. Molecules of water break up, or ionize. 


-o 


(released to 


244+ the atmosphere 


The energy of chlorophyll’s excited electrons also sparks another reaction. It enables another phosphor 
pound, triphosphopyridine nucleotide, or TPN, to accept hydrogen atoms from water molecules in the cel! 
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se Vv ww 
Jene @3 Came 

Chemical energy is released when ATP loses phosphate, becoming ADP. Energy is also released when TPN loses 


hydrogen. This hydrogen combines with carbon dioxide to form glucose. The energy released from ATP and the 
TPN-hydrogen compound is trapped in the glucose molecules, 


ENERGY 
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(glucose) 
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THE CHEMISTRY OF PHOTOSYNTHESIS 


Here, in very brief form, is what hap- 
pens during photosynthesis: 

. 1. Light reaches the cells that contain 
chlorophyll. 

2. The chlorophyll absorbs the light 
nergy and changes it to chemical energy. 
3. Water molecules in the cells break 
up. The oxygen from the water is set free. 

4. The hydrogen from the water mole- 

cules combines with carbon dioxide from 
e environment to form glucose, a simple 
ugar. 
5. The glucose molecule is held togeth- 
er by the chemical energy. In other words, 
1c energy is trapped within the glucose 
nolecule. 
Some of these steps require light; 
thers do not. This leads us to a discussion 
of the two phases of photosynthesis. 

Phase one is sometimes called the light 
vauction, because light is needed to carry on 
he process. During this phase, light energy 
trapped and converted into chemical en- 
ergy. At the same time, oxygen is set free. 

Phase two is sometimes called the dark 
reaction, because light energy is not need- 
ed. It is a strictly chemical process. In this 
phase the energy trapped in phase one is 
used to make the glucose. 

The following chemical equation 
summarizes the steps in photosynthesis: 


Energy + 6CO, + 6H,O 
— C,H;,0;+.60, 


Read this as “energy plus 6 molecules 
of carbon dioxide plus 6 molecules of water 
yield 1 molecule of glucose and 6 molecules 
of oxygen.” The letters C, H, and O stand 
for the elements carbon, hydrogen, and 
oxygen. The large numbers stand for the 
numbers of molecules. The small numbers 
below and to the right of the letters repre- 
sent the numbers of atoms in the molecules. 
Thus, O, means “‘2 atoms of oxygen.” 


GREEN PLANTS RECYCLE 


If we read the photosynthesis equation 
backward —from right to left—we get the 
chemical reaction for respiration. Respira- 
tion is the chemical breakdown of food in 


an organism for energy. In many living 
things, respiration takes place when oxygen 
combines with, or “burns,” sugar. 

Thus, oxygen plus sugar yields energy, 
with water and carbon dioxide produced as 
wastes. But carbon dioxide and water are 
also the raw materials of photosynthesis. 
From them, a green plant makes food and 
oxygen. That is, it recycles these wastes 
into useful products. 


CHLOROPHYLL IN THE CELLS 


Photosynthesis takes place in plant 
cells containing chlorophyll. There is not 
just one form of chlorophyll, but four differ- 
ent chemical forms. However, they all react 
in the same way to light. 

The organization of chlorophyll in a 
cell depends on the type of plant. The sim- 
plest plants that contain chlorophyll are 
one-celled algae, which live in water or on 
moist surfaces. 

In contrast, higher plants—mosses, 
liverworts, ferns, and seed plants—which 
usually live on land, have specialized tis- 
sues. These tissues are composed of mil- 
lions of cells of different types. The cells in 
certain plant parts, especially in stems and 
leaves, are full of chloroplasts, which con- 
tain chlorophyll. Other parts, such as the 
roots and blossoms, have no chlorophyll 
and so they do not have the ability to carry 
out photosynthesis. 

Scientists once thought that chloro- 
phyll is able to photosynthesize simply 
because of its chemical structure. But they 
have since learned that when chlorophyll is 
removed from chloroplasts, it loses much of 
its photosynthetic powers. Why? 

The answer seems to lie in the way that 
chlorophyll is organized inside a chloro- 
plast. This organization is chiefly responsi- 
ble for the efficiency of chlorophyll in turn- 
ing light energy into chemical energy. 

Electron microscopes have shown that 
within a chloroplast the molecules of chlo- 
rophyll are arranged in definite layers, 
called lamellae. Other colored molecules, 
called pigments, which aid chlorophyll in 
its task, also form part of the lamellae. In 
the chloroplasts of most plants, the lamellae 
form orderly bundles called grana. 
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Barbaro Panossa, NYU 


Joseph Gennaro, NYU 


In most green plants, chlorophyll is contained in structures known as chloro- 
plasts. The plant cells (above left) have been magnified 2.000 times. You can 
see the round-bodied chloroplasts attached to the walls of the plant cells. In 
the alga Spirogyra (above right), the chloroplasts are arranged in Spiral struc- 
tures. Algae are the simplest plants containing chlorophyll 


CONTROL OF PHOTOSYNTHESIS 


Scientists can trace the paths of light, 
carbon dioxide, and water to the cells 
where photosynthesis takes place. For 
example, algae grow at or near the water 
surface, where sunlight penetrates. They 
absorb water and carbon dioxide dissolved 
in water directly through their thin cell 
walls. 

On the other hand, land plants have 
leaves, which collectively expose a large 
surface to sunlight. They contain thousands 
of millions of cells with chloroplasts. Air 
containing carbon dioxide enters the leaves 
through openings called stomata. From 
these the air diffuses, or spreads, among the 
loosely arranged cells of the leaves. 

The stomata have many functions. Not 
only do they admit carbon dioxide for pho- 
tosynthesis, they also pass out the oxygen 
formed in this process. In addition, stomata 
absorb oxygen from the air for respiration 
and release carbon dioxide as a waste back 
into the atmosphere. 

Stomata also control the amount of 
water passing out of the plant. They do so 


PHOTOSYNTHESIS 


by adjusting their size. Guard cells sur- 
rounding the stomata shrink when they lose 
water, thus closing the stomata. Thus, too 
much water loss is prevented. 

Water for photosynthesis and for other 
life processes is drawn by land plants from 
the soil, usually through roots. The water 
passes from the roots to the stem and then 
into the leaves. Excess water evaporates 
and escapes into the atmosphere. 

The amount of photosynthesis that 
takes place depends on the supply of light, 
water, and carbon dioxide. It also depends 
on the temperature. If any one of these fac- 
tors is unfavorable, photosynthesis slows 
down. For example, if an early summer sea- 
son lacks sufficient rain, the soil and air will 
be dry. Plants will grow slowly or not at all, 
even though there is abundant sunshine and 
clean air containing carbon dioxide. The 
guard cells lose enough water to close the 
stomata, and little or no carbon dioxide 
enters the leaf. But the closing of the stoma- 
ta prevents water loss; the plant will stay 
alive even though it cannot grow. In this 
case, water supply determines the rate of 
photosynthesis. š 


ROOTS AND STEMS 


by Clyde M. Christensen 


The outer appearance of an oak tree 
or rose bush or any other seed plant on a 
bright summer day gives no idea of the ac- 
tivity going on within. Certain raw materi- 
ls are being absorbed by the roots and 
transported through the stems to the leaves. 
Other materials are drawn by the leaves 
from the outer air, are transformed into 
foods, and passed to the stems and from the 
tems to the roots. All these activities are 
called vegetative. 


ROOTS 


scientist placed a small rye plant ina 
box of soil. After four months, the plant was 
dug up and its roots were studied. This sin- 
le plant had nearly 14,000,000 roots. The 
ombined length of the roots was 623 kilo- 
meters. 
Why are there so many roots on a 
omparatively small plant? How do they 
serve the plant? 
W ROOTS DEVELOP 


HE 


The first root to develop in a plant is 
the primary root. It arises from the embryo 
contained in the seed. When the seed ger- 
minates, the tiny rootlet emerges and pene- 
trates the soil. Within a few days it begins 
io put out branches from the tissues back of 
its growing point. These branches in turn 
give rise to other ones. All the roots that 
come from the primary one are known as 
secondary roots. The young primary root 
that pushes its way into the soil has sev- 
eral distinct regions. At the very tip is 
a protective covering called the root 
cap. This serves as a buffer when the root- 
let pushes forward between and around 
jagged and sharp-edged soil particles. 
Immediately behind the root cap is a zone 
of actively dividing cells. Next comes a 
zone of cell elongation, in which the cells 
grow chiefly in length. Finally there is a 
zone of maturation. Here the different 
tissues found in mature roots are formed. 
Tiny hairlike projections, called root 


hairs, form the outermost layer—the 
epidermis—of this zone. A root hair is 
simply an elongated part of a cell in the epi- 
dermis. 

A plant has many more root hairs than 
roots. That rye plant with the 14,000,000 
roots had over 14,000,000,000 root hairs. 
They greatly increased the surface area of 
the roots. This is very important because 
the roots hairs are the chief nutrient-gath- 
ering parts of the root. They come in close 
contact with small particles of soil and at- 
tach themselves firmly to the particles. Soil 
water and minerals dissolved in this water 


Young primary root. A root cap serves as a protec- 
tive covering. Above this is the zone of dividing 
cells. Then there is a zone of elongating cells and 
above that a zone of mature cells. Root hairs form 
the outermost layer of this last zone. 


zone of 
mature cells 


zone of 
cell elongation 


zone of g 


dividing cells 


root cap 
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diffuse through the cell walls of the root 
hairs. They pass to conducting vessels in 
the roots and up through the stems to the 
leaves. Here they serve as raw materials for 
the manufacture of food. The root hairs are 
very delicate; if exposed to the outer air, 
they soon die. 


MYCORRHIZAL ROOTS 


Some roots absorb water and minerals 
from the soil by forming a partnership with 
a fungus. These are called mycorrhizal 
roots, or “fungus roots”. They consist of 
the rootlet of a higher plant combined with 
the mycelium—an interwoven mass of 
threadlike filaments — of a fungus. 

Mycorrhizal roots are usually short, 
stubby, thick, and much branched. They 
have few or no root hairs. The fuzzy myce- 
lium may cover the outside of the rootlet or 
may flourish within its cells. In either case, 
strands of mycelium grow out into the soil. 

Like root hairs, the fungus mycelium 
absorbs water and dissolved minerals from 
the soil and transports them to the root. It 
may also contribute to the root certain 
growth-promoting substances manufac- 
tured by the fungus. Mycorrhizal roots are 
found in many kinds of plants, including 
conifers and orchids. 


CROSS SECTION OF A ROOT 


The interior of a very young rootlet is 
made up mostly of unspecialized cells. As 
the root grows older, different types of tis- 
sues develop. If we examine the cross sec- 
tion of a root in the root hair zone, we see 
several clearly defined areas. As mentioned 
earlier, the outer layer of cells is the epider- 
mis, from which root hairs arise. Inside this 
outer layer is the cortex. It is made up of 
thin-walled cells, called parenchyma cells, 
with numerous air spaces between them. 
Water and salts absorbed by the root hairs 
pass through the cortex to the center of the 
root. In many plants the cortex also serves 
not only for transportation but also to store 
food. 

Next to the cortex we find a single 
layer of cells called the endodermis. The 
name comes from two Greek words that 
mean “inner skin”. This is the outer part 
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of the conducting portion of the root—the 
so-called vascular (conducting) cylinder, 
or stele. Inside the endodermis is a layer 
of small cells called the pericycle. Cells 
produced here penetrate the cortex and 
epidermis and form secondary roots. 

Within the pericycle are the conducting 
tissues called xylem and phloem. They 
are found in every part of the plant, from 
the roots to the leaves. Xylem conducts 
materials upward from the roots to the 
leaves by way of the stems. There are two 
types of conducting cells in this tissue: 
tracheids and vessels. Tracheids are long, 
tapering cells, often with thin areas, called 
pits, in their walls. Vessels are made up 
of cylindrical cells placed end to end. The 
end walls of these cells have disappeared, 
allowing materials to through from 
one to another. Tracheids and vessels are 
not always found together. In addition 
to these conducting vessels, xylem has 
strengthening fibers and storage cells. 

Materials are conducted in phloem tis- 
sue from the leaves to the stems and 
through the stems to the roots. The chief 
conducting cells of phloem are sieve tubes. 
Like xylem vessels, these consist of long 
cylindrical cells set end to end. In this case 
the end walls have perforations like those 
of a sieve. Smaller cylindrical cells, called 
companion cells, are sometimes found 
beside the sieve cells. Phloem also con- 
tains fiber cells for strength and other cells 
for storage. 

When viewed in cross section, root 
xylem cells radiate like the spokes of a 
wheel from the center of the plant or from 
a “hub” made up of parenchyma cells. 
Small groups of phloem cells are found 
between the spokes of the xylem. 

In perennial roots—those continuing 
to live from year to year—there is a cam- 
bium zone between the xylem and the 
phloem. This zone is made up of actively 
dividing cells. Xylem is formed on the in- 
side of the cambium, phloem on the out- 
side. As a result, the root grows in diame- 
ter. Just outside the phloem there is an- 
other cambium layer—the cork cambium. 
The cells that develop in this region have 
Waxy, waterproof walls and are known as 


cork cells. The two outermost zones of the 
young root—the epidermis and the cor- 
tex — gradually disintegrate. The cork cells 
then form an outer, barklike layer. We find 
roots of this kind in most trees, 


OOT SYSTEMS 


As the roots develop, they form a more 

less complicated network. Generally 

peaking, the root systems of seed plants 

iil into two classes—fibrous and taproot. 

the fibrous system, there are many 

tranches that are about equal in diameter. 

system of this kind may be very exten- 

e, as we saw with the rye plant men- 
ioned earlier. 

In a taproot system, the primary root 
hat develops from the embryo grows faster 

in the branches that arise from it. It be- 
comes a main root that grows down through 
the soil, with much smaller roots branching 
čom it. Usually a taproot is thick toward 
‘he top and tapers downward to a point. 
\mong the common plants with taproots 
irrots, radishes, beets, and dandelions. 
re are all sorts of variations of the two 

in types of root systems. 

Some roots, including those of various 

sses, do not extend more than 25 centi- 
meters or so beneath the soil. The roots of 
trees may penetrate the ground to a depth 
of three meters or more. Such roots, of 
course, can make use of water sources that 
would not be available to plants whose 
root systems are near the surface. Deeply 
penetrating root systems also help to an- 
chor the plant firmly to the soil. 

Roots serve other purposes besides 
absorbing materials from the soil and an- 
choring the plant. Many roots store food 
produced during the growing season. This 
is especially true in certain biennial, or two- 
year, plants, such as carrots and beets. In 
these, food is accumulated in the roots dur- 
ing the first year; flowers and seeds are 
produced in the second. 


SPECIALIZED ROOTS 


Certain roots arise neither from pri- 
mary nor secondary roots but from stems 
or leaves. They are called adventitious 
roots. A new plant grows from a tulip 


bulb—which is really an underground 
stem—because adventitious roots arise 
from the bulb, When a gardener sets a wil- 
low-stem cutting or a rubber leaf in the 
ground, adventitious roots are formed and a 
new plant develops. This is called vegeta- 
tive propagation. 

The stems of certain plants, such as the 
banyan tree, bear aerial roots. These grow 
downward until they reach the ground. 
They then penetrate the soil and firmly es- 
tablish themselves. They are called prop 
roots. The banyan tree’s prop roots will 
produce other roots, as well as new stems. 
In this way an entire colony of banyans, 
covering half a hectare, can arise from a 
single tree. 

Mangrove trees, which grow along 
ocean shores in tropical regions, also put 
forth prop roots, They reach the water and 
penetrate the sandy bed. The numerous 
roots growing down from a mangrove tree 
form a tangled mass in time. Drifting sand, 
decaying leaves, and other materials are 
trapped here. In this way soil is built up. 

The aerial roots of orchids play an 
important part in the life of the plant. For 


Cross section of a mature bean root in the zone of 
hair roots, showing the areas into which the root is 
divided. Cells have become specialized in some 
areas to carry out specific functions 
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one thing, they serve to anchor the orchid 
to the tree or other support on which the 
orchid grows. They also absorb water from 
the moisture in the air or from rain. Food 
materials for the orchid are drawn from the 
debris that collects around the roots. An 
orchid that grows on a living plant is not a 
parasite, because it does not obtain its food 
from the host plant. 

The mistletoe, which grows on plants 
such as oaks and maples, is parasitic. Its 
roots develop into suckers. These enter the 
tissues of the host plant and absorb food 
from them. 

Among the most curious of specialized 
roots are those of the bald cypress tree, 
which grows in swamps. These roots, 
called knees, project upward from the water 
or waterlogged soil in which the cypress 
grows. They absorb air, which is then trans- 
mitted to the tissues of the plant. 


STEMS 


Like roots, stems serve several pur- 
poses. They produce and support leaves, 
which are the food-making centers of 
plants. They provide passageways along 
which various substances are transported 
within the plant. Stems also serve as a stor- 
age place for foods. And in certain cases, 
parts of stems propagate plants. 

The first stem develops from the em- 
bryo of the seed. A miniature stem emerges 
as the seed germinates. Generally, it makes 
its way upward through the soil and into the 
air. As long as its growing point remains 
alive, it becomes longer. In time branches 
develop. If the growing point is killed or 
removed, one or more growing points may 
be formed below the cut end. Stems that 
grow above the ground in this way are 
called aerial stems. As we shall see, certain 
Stems grow underground. 

Stems show various kinds of growth 
patterns. They differ in size, in their method 
of branching, and in length of life. It is cus- 
tomary to divide them into two classes — 
herbaceous and woody. 


TYPES OF STEMS 


Herbaceous Stems are generally slen- 
der, greenish, and comparatively soft. They 
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are annual; that is, they live through only 
one growing season. In some plants, such 
as sweet peas and squash, the roots are also 
annual. The entire plant dies at the end of 
the growing season. The hollyhock, hibis- 
cus, and certain other plants have annual 
stems but perennial roots. The stems die at 
the end of the first year. The next year, new 


stems arise from the roots. Plants with her- 
baceous stems are called herb 
Woody stems are taller, thicker, and 


harder than herbaceous stems. When they 


are mature, their surface is niade up of 
bark. Plants with woody stems may be ei- 
ther trees or shrubs. A tree usually has a 
thick main stem, called a zrunk, which 
branches only at some distance above the 


ground. In a shrub, there are a number of 
comparatively slender main stems, which 
branch abundantly. Trees grow taller than 
shrubs. 


Actually there is no hard and fast dis- 
tinction between trees and shrubs. A plant 
in one place may grow as a tree. In another, 
it will be a shrub. A number of forest trees 


are large and tall on the lower slopes of 
mountains. In the timberline area they grow 
as shrubs. When elms and various other 
trees are grown in hedges and clipped regu- 
larly, they develop as shrubs. 


BUDS, PORES, AND SCARS 


The actively growing stem has a num- 
ber of buds. These are particularly conspic- 
uous in trees or shrubs that lose their leaves 
after the growing season has come to an 
end. Some buds are formed in the /eaf axil 
—the acute angle formed where the leaf 
stalk joins the stem. These are called lateral, 
or side, buds. Generally each stem also has 
a bud at its tip—a terminal bud. Terminal 
buds continue the growth in length of a 
stem. Lateral buds give rise to new leaf- 
bearing twigs. Certain buds, called floral 
buds, develop into flowers. ; 

In some plants, lateral buds grow spl- 
rally along the stem. In others they occur 1n 
pairs, one bud opposite the other on the 
stem. The twigs that develop from the buds 
will show the same arrangement—either 
spiral or opposite. Leaves, buds, and the 
branches originating from buds arise from 


‘ taproot system of a dandelion. The primary 

ot grows down through the soil, with smaller 

roots branching from it. Right: the fibrous root sys- 

tem of a grass. The different root branches are 
ut equal in diameter. 


slixht]ly enlarged portions along the stem 
called nodes. 

Buds are conical structures, made up 
of cambium tissue. They are really greatly 
shortened stems. In most herbaceous 
its bud tissue is protected from the out- 
sir only by embryonic leaves. Such buds 
ere called naked. In woody stems the buds 
are usually covered with bud scales, which 
provide ample protection by overlapping. 

Not all buds are to be found at the tips 
of shoots or the axils of leaves. Many plants 
develop adventitious buds at other places. 
Often these arise when the plant suffers in- 
jury. For example, if the leaves or twigs are 
eaten by animals, adventitious buds will 
appear. They will give rise to new twigs and 
leaves. In this way a plant can endure re- 
peated grazing by animals or cutting by the 
hand of man. 

A number of perennial plants have 
dormant buds, which are formed in the 
young stem. They continue to grow as the 
stem increases in diameter but do not be- 
come visible outside of the bark. Ifa part of 
the stem is cut off, these dormant buds will 
produce sprouts. When certain oak trees 
are felled, the dormant buds in the stump 
give rise to new shoots. Conifer trees and 
shrubs are often pruned to give them some 
desired shape. The new twigs that grow out 
back of the cut ends come from dormant 
buds, or adventitious buds, or both. 

In the woody twigs of trees and shrubs 


Left: cross-section of a bud tip. Right: an actively 
growing stem, showing buds, leaf scars, and lenti- 
cels, or pores. 


we see other structures besides buds and 
leaves. Scattered over the surface are a 
great many tiny pores, called J/enticels. 
Sometimes they are more or less circular. 
They may also take the form of slits. Gases 
pass through the lenticels from the plant 
tissues to the outer air, and from the outer 
air to the tissues. 

The surface of twigs also shows leaf 
scars, Which mark the places from which 
leaf stalks have broken off. 


SPECIALIZED STEMS 


Some stems do not look like stems at 
all. The climbing organs called tendrils are 
sometimes modified stems. We find them in 
such plants as grape and Boston ivy. A twin- 
er is a stem that spirals around a solid 
support. The morning-glory shows such an 
arrangement. Some green stems, including 
those of various cacti, look like leaves. 
They manufacture food, just as leaves do. 

The stems called runners, or stolons, 
grow horizontally just above the surface of 
the soil. They serve to spread and propagate 
the plant. The runners of strawberry plants, 
for example, develop new plants at their 
joints, or nodes, if these touch the ground. 
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The underground stems known as rhi- 
zomes look a good deal like roots. In fact, 
the name comes from a Greek word mean- 
ing “mass of roots.” Buds, roots, and leaves 
arise at each node of a rhizome and form 
new plants. The rhizomes of herbs such 
as false Solomon’s seal, bloodroot, and 
rhubarb are perennial. The rest of the plant 
dies each fall. Quack grass, a weed detested 
by gardeners, spreads rapidly by means of 
rhizomes. When these are cut or broken 
into sections, each section can give rise to 
one or more new plants. 

In certain plants, such as potatoes and 
Jerusalem artichokes, we find fleshy, thick- 
ened underground stems known as tubers. 
They develop buds—the “eyes” of pota- 
toes. Generally the rhizomes connecting 
the tuber to the main stem of a plant die af- 
ter the growing season. The tubers remain 
alive, and in the next growing season they 
put forth shoots. 

A bulb is a very short underground 
stem that bears a cluster of thick, overlap- 
ping leaves. These leaves store food. On- 
ions, tulips, lilies, and other familiar plants 
develop bulbs, each of which can give rise 
to a new plant. 

Gladiolus, crocus, and various other 
plants form underground stems called 
corms. These resemble bulbs somewhat. 
However, the stems are much more promi- 
nent and the leaves are generally smaller 
and thinner than those of bulbs. 


Stems that propagate plants. Left: the runner of a black raspberry grows hori- 
zontally above the surface of the ground. New plants will develop at its joints if 


they touch the ground. Right: a sedge rhizome with new plants growing from the 
joints. 
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STEM STRUCTURE 


Stems also differ in internal structure. 
The young twigs of most woody plant 
show much the same type of cross section 
as the mature root. There is an outer layer 
of cells—the epidermis — which serves as a 
covering. Next to this is a cortex, made up 
of storage and supporting cells. The central 
part of the stem, the stele, contains a num- 
ber of concentric layers. 

The outermost layer of the stele is the 
pericycle. Within this is the phloem, which 
conducts food from the leaves to the lower 
parts of the stem and to the buds. A cam- 
bium layer comes next. As in the roots, it 
consists of cells that divide and cause the 
stem to grow in diameter. Inside the cam- 
bium is the xylem, which conducts water 
and dissolved substances upward to the 
leaves. The core of the plant is composed of 
pith. This serves chiefly to store food. 
Extending outward from the pith, usually 
through both xylem and phloem, are a 
series of vascular rays. They conduct foods 
and other materials from the inner part of 
the plant to the outer, and also store foods. 

After the first season of growth, a gi 
en section of the stem does not increase in 
length. Rather, the stem becomes longer 
through the development of the terminal. 
bud at its tip. There is, however, a gradual 
increase in diameter, as new xylem and 
phloem cells and new vascular rays are 


formed. A cork cambium layer outside the 
ex now produces cork cells. These are 
‘ily impregnated with suberin, a fatty 
sibstance that is impervious to water and 
sists attacks by insects and fungi. The 
cells come to form the external cover- 

f the plant. The epidermis disappears. 

io the outer part of the cortex and the 
ith at the center of the stem. All this some- 

; happens after the first year’s growth, 

times after several years. 

The fully developed woody stem, 

fore, is quite different from the young 

in internal structure. There is a thick 
| core of xylem, surrounded by a thin 
of cambium. Outside the cambium are 

: of phloem, pericycle fibers, and cor- 

Beyond the cortex is a cork cambium 
laver, which produces cork cells. Cork cells 

up the external layer. 

Fhe xylem that makes up the central 

f mature woody stems is called wood. 

‘ame “bark” is given to the rest of the 
t s: phloem, pericycle, inner cortex, 

cambium, and cork. The cork layer is 

en called the outer bark; the other bark 
ies make up the inner bark. As the stem 
continues to grow in diameter, the outer 
often splits lengthwise, and its texture 

l nes rough. The bark of the mature 
ly stems of many plants contains lenti- 

Fhey account for the conspicuous hor- 
ižzontal markings of birches. 

Both the wood and bark increase in 
girih as new layers of xylem and phloem are 
added. The bark, however, does not grow 
nearly so rapidly as the wood. In most trees 
it does not exceed five centimeters, while 
the central core of wood may have a diame- 
ter of 60 centimeters or more. The bark of 
the giant sequoia may be 30 centimeters 
thick at the base of the tree. However, we 
must remember that the total diameter of 
this huge tree may exceed six meters. 


SEASONAL CHANGES 


The cambium layer, which forms new 
xylem and phloem cells, is not equally ac- 
tive throughout the year in regions where 
cold and warm seasons alternate. There is 
one active period each year. During this 
period the cambium forms a new layer of 


Hyacinth bulb 


Among the stems that do not look like stems are 
tubers and bulbs. The tubers of the potato plant are 
well known. They are fleshy underground stems 
connected by rhizomes. Bulbs are short stems with 
overlapping leaves. Here we show a hyacinth in 
cross section. 


xylem and one of phloem. So little phloem 
is produced, comparatively speaking, that it 
is hard to make out the different layers laid 
down over a period of years. Much more 
xylem is produced. Generally the layers 
formed each year make up a distinct series 
of concentric rings called annual rings. By 
counting the number of such rings in the 
cross section of a log, we can tell how old 
the tree was when it was felled. Trees in 
regions where rainy and dry seasons alter- 
nate may also show distinct annual rings. It 
is generally hard to make out rings in tropi- 
cal trees that grow more or less uniformly 
throughout the year. 

In most woody stems of the temperate 
zones, the conduction cells formed in the 
xylem in the spring are relatively large in 
diameter and thin-walled. Those produced 
during the summer are smaller and have 
thick walls. As a result each annual ring is 
made up of two bands of cells: an inner 
band called spring wood, and an outer band 
called summer wood. 

The annual rings of a tree are not 
uniform throughout. Their width will de- 
pend on the type of weather that prevailed 
when the rings were formed. For example, 
if there has been more rain than usual dur- 
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vascular ray 


annual ring 
(xylem) 


cambium 


phloem 


cortex 


Left: A fully developed linden stem in cross section. The xylem (wood) is more 
Prominent than the pith, and vascular rays are highly developed. It is quite dif- 
ferent in structure from a young twig. Right: A young twig of a wi 
pith, serving as a food storehouse, is very prominent. The xylem is not highly 
developed, and there is no cork surrounding the cortex 


ing the growing season, the rings will be 
comparatively wide. They will be quite a bit 
narrower if the weather has been unusually 
dry. Generally speaking, annual rings seem 
to follow an 11-year cycle that corresponds 
to the sunspot cycle. 


MATURE STEMS 


The outer wood of most trees is light in 
color. It contains many living cells and ac- 
tively transports water and dissolved min- 
erals. This area is known as sapwood. 
After the cells are from 10 to 20 years 
old—that is, when they are 10 to 20 rings 
away from the cambium—they die. They 
are then transformed into heartwood. Of 
course, as the tree becomes older, its heart- 
wood becomes more prominent. 

In many woods, such as cypress, red- 
wood, white oak, black locust, catalpa, and 
chestnut, heartwood is dark in color. This is 
due to the gums, resins, tannin, and other 
materials that have been deposited in the 
cells. Dark heartwood is generally very re- 
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sistant to decay. The heartwood of true firs, 
some of the spruces, aspen, and basswood 
is faintly colored, or colorless. It decays 
rather quickly. 

If the heartwood of a tree has rotted 
away, the only effect upon the tree may be 
that its structure is weakened. The xylem 
cells of the sapwood continue to supply 
material drawn from the soil to the leaves. 
A tree may be quite hollow and yet contin- 
ue to put forth new twigs and abundant 
leaves. 

The structure of mature herbaceous 
stems is quite different from that of woody 
stems. There are two distinct kinds of her- 
baceous stems—those of dicotyledons, oF 
dicots, and of monocotyledons. or mono- 
cots. Dicots have two cotyledons, or si 
leaves, in their seeds; monocots have only 
one. 

Some dicots—violets, clover, and 
snapdragon, for example—have herba- 
ceous stems. These stems are like those of 
young woody twigs. They have an epider- 


mis, a cortex, and a central zone—the 
stele—which contains phloem, cambium, 
xylem, and pith. In some herbaceous di- 
cots, the phloem, cambium, and xylem each 
nake up a continuous layer. In others, they 
concentrated in a number of bundles, 
vied vascular bundles. These are arranged 
circle. The cambium they contain is not 
clive. Therefore the stems do not grow 
ich in diameter. 
Most monocots have herbaceous 
ns. Those of monocots such as grasses, 
es, and orchids generally have no cam- 
um tissue. The xylem and phloem always 
ur in vascular bundles. Often these are 
tered at random throughout the stem, 
upporting tissue between the bundles. 
[n ‘he grasses and their relatives, such as 
the bamboo, the vascular bundles and their 
orting tissues are arranged in a circle. 
stem is hollow, except for solid sec- 
tious at the joints, or nodes. Since there is 
no cambium in monocot herbaceous stems, 
stems can increase in diameter only 
isting cells increase in size. 


RISE OF SAP 


Liquids generally flow from a higher 
to a lower one because they are 
drawn by the force of gravity. In the stem, 
however, water drawn from the soil rises, 
sometimes for 30 meters or more, apparent- 
ly in defiance of gravity. The rise of sap— 
thal is, water and the mineral salts dis- 
solved in it—has puzzled many generations 
of botanists. Many theories have been pro- 
posed to account for it. According to mod- 
ern belief the rise of sap is due to a combi- 
nation of various forces. 

One force is known as root pressure 
because it originates in the roots of plants. 
Salts are more highly concentrated in the 
sap within the root hairs than in the soil 
solution. Therefore, water passes from the 
soil into the cells by the process of osmosis. 
Dissolved minerals, in the form of ions, 
also pass from the soil solution, through the 
cell membranes and into the cells. This pas- 
sage may be by simple diffusion or by ab- 
sorption, whereby the cells exert energy In 
order to “trap” the ions. The cells swell and 
become turgid. The water concentration is 


now higher within them than it is in the cells 
next in line. Hence the sap — water and dis- 
solved minerals—passes into these adja- 
cent cells and from these to the next ones. 
The root pressure brought about in this way 
is great enough to force sap some distance 
through the xylem. 

When one end of a glass rod with a fine 
tube running lengthwise through it is placed 
in water, the water will rise some distance 
in the tube. This is due to the force called 
capillary action. It is believed that this 
force is also involved, to some extent, in the 
rise of sap. The tracheids and vessels of 
xylem are very thin tubes, and the water 
will rise in them just as it does in a thin glass 
tube. This force could account only for a 
part of the total rise of sap. 

Transpiration, or evaporation of wa- 
ter, is chiefly responsible for the rise of sap. 
Large quantities of water evaporate from 
the leaves. When this happens, the leaf cells 
nearest the outer air become partly dried 
out. Water then diffuses into these cells 
from the adjacent ones by osmosis. These 
cells in turn lose part of their water content 
and receive water from the cells next in 
line. In this way an upward pull of water is 
transmitted all along the conducting cells of 
the plant. 

Root pressure, capillarity, and evapo- 
ration are the known forces that account for 
the rise of sap in stems. Other forces, as yet 
unknown, may also be involved. 


Cross section of a tree trunk. The trunk consists 
mostly of xylem (wood)— heartwood and sapwood. 
The bark occupies relatively little space. Note the 
annual growth rings. 


ROOTS AND STEMS 


97 


PEOPLE USE ROOTS AND STEMS 


Roots and stems are indispensable to 
us. They support the growth of fruits and 
seeds, which we use as food and for various 
other purposes. But this is only part of the 
story. They also serve us in many other 
ways, only a small fraction of which we can 
list here. 

We appropriate for ourselves the foods 
stored in various roots. Among the impor- 
tant root foods in temperate regions are 
carrots, beets, sugar beets, radishes, tur- 
nips, and sweet potatoes. In some tropical 
areas the roots of yams and cassava, from 
which tapioca is derived, form the bulk of 
the vegetable diet. 

Horseradish and various other condi- 
ments and flavorings such as licorice and 
sarsaparilla are derived from roots. In the 
Far East, ginseng roots are consumed in 
some quantity. 

Certain roots yield dyes and were 
long used as a source for coloring matter. 
Dyes derived from roots have now been 
replaced largely by synthetic dyes. 


Two types of herbaceous stems shown in cross 
section. Top, the stem of Zea mays, a species of 
corn. Corn is a monocot. Below, the stem of a sun- 
flower. The sunflower is a dicot. 


xylem 


phloem 


cambium 


xylem 


Roots help to conserve the soil by 
clinging firmly to soil particles. In regions 


where erosion by wind or water is exces- 
sive, soil-binding plants are used to prevent 
productive lands from going to waste and 
also to reclaim wasteland. 

The roots of most legumi s plants, 


such as beans, sweet clover. | alfalfa, 


have swellings called nodule se con- 
tain nitrogen-fixing bacteria ich help 
make nitrogen available to the plant, There 
is plenty of free nitrogen in t! hat cir- 
culates in the soil, since air made up 
mostly of nitrogen. But plants ot make 
use of the uncombined eleme: Jitrogen- 
fixing bacteria in the root no: convert 
free nitrogen into nitrogen pounds, 
which are then used by the pl In many 
agricultural regions, a legume of one kind or 


another is a regular part of the crop-rotation 


plan. The nitrogen compounds ‘ormed by 
the bacteria are added to the so)! if the crop 
is plowed under. In this way ‘ertilizer is 


provided for the crops that follow in the 
succeeding years of the rotati 


The stem product most useful to hu- 
mans is wood—the xylem « nks and 
branches. This substance consists mostly of 


cellulose. It also contains a considerable 
amount of lignin and smaller amounts of oth- 


er substances, including resins, siarch, min- 
erals, and gums. Wood provides us with lum- 
ber, paper, and insulating boards and other 
compostion products. Chemicals suchas tar, 
pitch, and turpentine are also derived from 


wood. It is raw material for synthetic sub- 
stances such as cellophane and rayon. 
Stem fibers give us textile materials 
such as linen (from the flax fiber), jute, and 
ramie. The sap, or latex, of the South 
American rubber tree, Hevea brasiliensis, 
yields natural rubber. Quinine, invaluable 
in treating malaria, is derived from the bark 
of the cinchona tree. Cinnamon comes from 
the bark of the cinnamon tree: cork, from 
the bark of the cork oat. Other commercial 
products obtained from stems include 
resins, chicle (used for chewing gum), and 
lacquer. Many important foods are ob- 
tained from aerial stems, including cane 
Sugar and maple sugar. Underground stems 
provide potatoes, onions, and garlic. 


Leaves are the food factories for 
most green plants. This autumn leaf 
contains several pigments, the most 
important of which is chlorophyll—a 
remarkable substance that keeps the 
food factory going. 


LEAVES 


by Clyde M. Christensen 


“Nature made ferns for pure leaves, to 
show what she could do in that line,” wrote 
Henry David Thoreau, the 19th-century 
U.S. writer. He was expressing an appre- 
ciation of leaves that is shared by many 
people. Some people so enjoy looking at 
leaves that they make leaf collections. 
Some women mix leaves with flowers and 
wear them as corsages. Other people use 
the colorful leaves of autumn to decorate 
their homes. 

More important to us, however, are the 
foods and other products we get from 
leaves. The leaves of plants such as cab- 
bage, lettuce, spinach, and watercress are 
vegetables. We often flavor our food by 
adding leaves of bay, marjoram, pepper- 
mint, or thyme. 

The leaves of wild and cultivated 
grasses supply feed for many kinds of do- 
mestic animals and for wild animals that are 
hunted for game. Two valuable fibers— 
sisal and Manila hemp—are leaf products. 
Tea and tobacco are derived from leaves. 
So are drugs such as cocaine and digitalis, 
and dyes such as henna and indigo. 


Borbara G. Hallowell 


The leaves are the food-making cen- 
ters of the plant. During the process known 
as photosynthesis, they put together carbon 
dioxide and water to produce the sugar glu- 
cose. Oxygen is also produced. An essen- 
tial factor in this process is the green pig- 
ment chlorophyll. This substance is found 
in chloroplasts, small bodies located in 
most leaf cells. Chlorophyll acts as a trap to 
absorb some of the energy of the sun’s rays. 
This energy is used to transform the water 
and carbon dioxide into sugar. 


LEAF SIZE AND ARRANGEMENT 


In size, leaves range from the tiny 
scales of the white cedar to the giant leaves 
of certain palm trees. There is also a great 
variety of leaf shapes. Leaves may look like 
needles (most conifers), or pitchers (pitcher 
plant), or floating platters (giant water 
lily), or bayonets (agave), or pincushions 
(sundew). The margins, or edges, of leaves 
are smooth or indented, according to the 
species. The indentations may be like the 
teeth of a saw or may show a wavelike pat- 
tern. Generally leaves are set spirally on 
the stem. In some cases they are arranged 
in pairs, one leaf being opposite the other. 
There may be more than two leaves, spaced 
more or less evenly, at a given point of the 
stem. 

Leaves arise from tissue just back of 
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Left: oak leaf in autumn. Notice that the chlorophyll has receded to the area of 
the leaf veins. Veins carry nutrients and fluids. Middle: young horse chestnut 
leaves. Right top: the poinsettia’s “flower” is really made of red leaves, Right, 
bottom: the pitcher plant leaves trap insects. 


the growing points of buds. Generally a leaf 
consists of a leaf stalk, or petiole, and the 
leaf proper, called a blade. In some leaves 
there are small projections, called stipules, 
at the point where the petiole meets the 
stem. The petiole contains xylem and 
phloem and forms part of the conducting 
system of the plant. Certain leaves have no 
petioles; the blade grows out from the stem. 
The framework of all blades is made up of a 
network of veins. 

In elms, oaks, and many other trees 
each leaf consists of a single blade and peti- 
ole. In other trees the leaf blade is divided 
into several leaflets, each attached to the 
same petiole. The leaflets may be arranged 
On opposite sides of the petiole, producing a 
featherlike effect. This arrangement is 
found in the rose, the ash, and most leg- 
umes, including peas and beans. In plants 
such as palms and horse chestnut trees, the 
leaflets arise from a common point at the 
end of the petiole. They radiate from this 


point much as fingers do from the palm of a 
human hand. 


LEAF STRUCTURE 
The leaves of most plants have a simi- 
lar microscopic structure. There is a sur- 


face layer of cells, the epidermis, covered 
on the outside with a waxy coating, or cuti- 


LEAVES 


cle. The hairs found on some leaves are 
outgrowths of epidermal cells. The epider- 
mis has various openings, or pores, known 
as stomata (singular, “stoma”). Gases 
such as carbon dioxide, oxygen, and water 
vapor pass in or out through these pores. 

Each stoma is surrounded by a pair of 
cells called guard cells. These change their 
shape as their water content increases or 
decreases. In this way they regulate the 
size of the stoma. The guard cells make up 
a relatively small part of the total number of 
cells on plant surfaces. Even so, there may 
be a million or more stomata in a single 
leaf. ; 

Both sides of a leaf contain an epider- 
mal layer. The upper epidermis has fewer 
stomata than the lower one and its cuticle is 
thicker. 

The cell tissue between the upper and 
lower epidermis is known as mesophyll. It 
is made up of two distinct layers. The pali- 
sade layer, which is beneath the upper epi- 
dermis, consists of relatively long, narrow 
cells. These are compactly arranged, with 
the long axis vertical to the leaf surface. 
Under the palisade cells is a spongy layer. 
Its cells are loosely packed and there are 
many air spaces between them. 

The cells of both the palisade and 
spongy layers contain chlorophyll. So do 


the guard cells. These cells, therefore, take 
in the process of photosynthesis. 


Through the mesophyll run the leaf 


veins. These contain the conducting tissues 

n and phloem, arranged in vascular 
bundles. Xylem conducts water and dis- 
‘ | substances from the petiole through- 


ou: the leaf blade. The food manufactured 
in the blade is carried in the phloem to the 
petiole, from which it is transported to the 
s ; and roots. 


uring the growing season the leaves 
of most plants are green. This color is due 
te chlorophyll, which is really two re- 
lated pigments — chlorophyll A and chloro- 
I }. Two other pigments — xanthophyll, 
z »w pigment, and carotene, which is 
y ish-orange —are also present in most 
Ie ;. Generally, however, these pigments 
a isked by the chlorophyll pigments, 
v are far more plentiful. In certain 
p not only the leaves but the petals, 
ste and other parts are reddish in color. 
I s due to the presence of pigments 
c anthocyanins, which are found in the 


LEAF FALL 


he leaves of most perennial broad- 
le { trees are shed in the fall. In certain 
ca leaves are shed more or less continu- 
throughout the year. Each leaf falls 
after it reaches a certain age, which may 
range from one year to five years, depend- 
ing on the species. This is true of most coni- 
fers and of certain other plants, including 
live oak and holly. 
The first stage in leaf fall is the forma- 


tion of an abscission (“cutting off”) layer at 
the place where the leaf joins the twig. A 
layer of cork cells develops below the ab- 
scission layer. This will provide a protec- 
tive covering over the spot from which the 
leaf will be detached. 

Not long after the abscission layer is 
formed, it begins to loosen and dry out. 
After a while it ruptures. The leaf is held to 
the twig only by the vascular bundles. As 
the leaf is attacked by frost or sways in the 
wind, the vascular bundles begin to weak- 
en. Finally they snap and the leaf falls. 

The formation of the abscission layer 
in leaves accounts for their showy autum- 
nal colors. Once this layer has been laid 
down, the flow of materials to and from the 
leaves is shut off. The cells of the leaf are 
deprived of life-giving elements and die; 
their pigments decompose. Chlorophyll 
breaks down more rapidly than the yellow 
xanthophyll and the yellowish-orange caro- 
tene. These now predominate and give the 
leaf its yellowish and golden hues. The red 
colors seen in leaves in the autumn are 
due to the anthocyanins —the pigments dis- 
solved in the cell sap. 


MANY DIFFERENT FUNCTIONS 


Leaves serve many purposes in addi- 
tion to food-making. The bud scales of 
woody plants are leaves that furnish protec- 
tion to the tender tissues they enclose. 
Tendrils are sometimes modified leaves. 
Part of the leaves of the sweet pea are 
broad leaflets; the rest are tendrils, which 
attach the plants firmly to a support. Most 
plant spines, such as those of the cactus 


The structure of leaves varies. Left: the arrangement of the leaves on this large 
fern suggests an ostrich plume. Middle: a magnolia leaf is very smooth and 
waxy. Right: fan-shaped leaves from a maidenhair, or gingko, tree. 
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plant, are modified leaves or leaf stipules. 
They serve to protect plants against exces- 
sive browsing by animals. Bulb leaves serve 
as food-storage organs. 

The leaves of carnivorous plants trap, 
hold, and digest insects and other small 
animals. Carnivorous plants are found 
chiefly in bogs, sandy areas, and tropical 
rain forests. In such areas nitrogen and 
various other essential food elements are 
likely to be present only in small amounts. 
Such elements are provided by animals 
trapped in leaves. More than 400 species of 
carnivorous plants are known. 

Pitcher plants are carnivorous plants 
that trap insects in a trumpet-shaped or 
pitcher-shaped leaf. At the base of the leaf 
is a reservoir in which water collects or in 
which sap is exuded by the plant. Insects 
are attracted to the leaf by its odor or color. 
They venture into the mouth of the pitcher 
and slide down into the water. Downward- 
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Upper left: underside of fern leaves, la 
tive structures called sporangia. Middi has spiked, 
two-toned leaves. Right: scrub-oak leaf if has lobed 
edges and prominent veins. Bottom le Chinese ivy 
has leaves with serrated edges; the le arranged in 
a spiral pattern 
pointing bristles in the int walls pre- 
vent the insects from clim? up again. 
They are then slowly digeste fluids se- 
creted by the leaf. 
The leaves of the sunde lant bear 
numbers of long, sticky, glandular hairs. 
When an insect alights on a leaf, it touches 


several of the hairs and is held by them. 
Some of the surrounding hairs bend over 
and help hold the victim fast. Eventually it 
is digested. r 
The Venus’s-flytrap is another carniv- 
orous plant. Its leaves are nearly flat when 
they are open. Their margins bear spikelike 
structures and there are sensitive hairs on 
the inner surface of the leaves. When an 
insect touches some of the sensitive hairs, 
the leaf blades fold shut along the midrib 
like the two halves of a book. The spikes at 
the margins interlock and the insect is 
trapped. After the prey has been digested, 
the leaf opens, ready for the next victim. 
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A dahlia in full bloom. Dahlias are widely cultivated autumn-blooming flowers. 


FLOWERS 


by Jenny Tesar 


Flowers are found almost everywhere. 
In the tropics flowering vines grow on 
trees, competing with other lush vegetation 
for sunlight. Colorful flowers brighten dull 
expanses of hot desert. Lakes and even 
salty marshes can be home to flowers. Wa- 
ter hyacinths and water lilies float aimlessly 
in lakes and ponds, while pickerelweed and 
pond lilies stay anchored to the bottom but 
show off their flowers above the water line. 
Meadows and fields explode with color as 
Springtime dandelions, bluebonnets, thistle, 
and cowslip give way to the wild roses, 
black-eyed susans, and goldenrod of sum- 
mer. In woodland areas, violets and blood- 
root fade away as azaleas and rhododen- 
dron bloom. Even mountainous areas with 
snow-capped peaks have flowers, with 


edelweiss and mountain heather following 
snowdrops that break through the snow. 
Many of the flowers that are familiar to us 
are large and brilliantly colored. Other 
flowers are tiny and inconspicuous—so 
small that you do not notice them unless 
you search for them. All, however, are built 
on the same basic pattern. And all have the 
same function: to reproduce the species. 

A flower exists for only a short while. 
Then, parts of it develop into a fruit. Within 
the fruit are the seeds, which will produce a 
new generation of plants when they return 
to the soil. 


THE PARTS OF A FLOWER 


A typical flower has four main parts: 
the sepals, petals, stamen, and pistil. These 
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parts are attached to a stem tip, called the 
receptacle, which is slightly enlarged. 


If you look at a typical flower bud, 
you find that it is covered by green leaflike 
structures. These are the sepais. Their — 
function is to enclose and protect the other 
parts of the bud, before they are fully de- 
veloped. In an open flower, the sepals can 
be found beneath, or outside, the petals, 

Many flowers are known by their 
color. We talk of red roses, g nrod, and 
purple asters. In some cases, ‘he sepals 
provide the distinctive color. Usually, 
however, the bright, showy pe f a flow- 
er are the petals. Their main function is to 
attract insects, which play an important 
role in pollination. 

> Petals attract insects in several ways. 

New YorkHonicuiwrelSeseY The glistening white or bright colors of 
many flowers are inviting to insects and 
even to certain birds. The petalis of some 
flowers have glands that sec nectar. 
This sugary liquid is greedi! vught by 
bees, butterflies, and other flow er-visiting 
insects, which use the nectar a d. 

The odors of oils and other substances 
produced by the petals of many plant spe- 
cies are still another way of tempting in- 
sects. People, too, often find se odors 
very pleasant. As a result, the oils secreted 
by flowers such as roses, lavender, and 
jasmine are used in making perfumes. 

Some plants, such as skunk cabbage, 
have very unpleasant floral odors. Often, 


Darek Fell these plants also have purplish- or reddish- 
i EurceeSeed Co, brown petals or other structures that re- 
semble decaying animal fiesh. Bees and 
other insects that visit pleasantly scented, 
brightly colored flowers are not attracted to 
these plants. But other insects are, especial- 
ly those that frequent rotting flesh and other 
foul-smelling organic matter. 

Within the enclosure formed by the 
flower petals are the stamens. These are the 
male organs of the flower. A stamen usually 
consists of a slim stalk, or filament, which 
bears at its tip a single, enlarged anther. 


Flowers come in many shapes, sizes, and colors. 
Top: the Oriental poppy, an easy-to-grow, hardy 
species. Two well known spring-blooming flow- 
ers— Darwin hybrid tulips (middle) and forsythia 
(bottom). 
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Pollen grains are produced in the anther. 
Later, these grains will form the sperm, or 
male reproductive cells. 

In the center of the flower is the pistil 
—the female organ. A pistil often looks like 
a flask with three fairly distinct parts. At 


the base is a sphere-shaped ovary. This is 
where the eggs develop and, later, the seeds 
are formed. A slender stalk, the style, rises 
from the top of the ovary. At the top of the 
style is a slightly enlarged stigma. 

Before seeds can form, pollen grains 
mus ;s from the anthers to the top of the 
stigma. To ensure that the pollen will stick 
to its surface, the stigma is often rough or 
sticky. Similarly, the outer wall of the pol- 
len grain is usually covered with spinelike 
structures that help it adhere. 

roses and many other flowers, the 
floral organs are all separate and distinct. 
In other flowers, some parts are joined to- 
gether. In morning glories, for example, the 


petals are fused into trumpetlike structures. 

he parts of a flower usually occur in 
multiples of 3, 4, or 5. A lily, for example, 
has 3 sepals, 3 petals, 6 (2 x 3) stamens, 
and | pistil with 3 sections in the ovary. 
The evening primrose is an example of a 
flower with 4 sepals, 4 petals, 8 stamens, 
and an ovary with 4 sections. 


TYPES OF FLOWERS 


Most garden flowers have all the parts 
that we just described. They are complete 
flowers. Some flowers, however, do not 
have all four floral parts and are known as 
incomplete flowers. The tiny flower of a 
grass plant, for example, has neither sepals 
nor petals. The flowers of corn and other 
grains are also incomplete, lacking at least 
one of the four parts of a complete flower. 
Sepals and petals are often termed accesso- 
ry parts of a flower because they are not 
concerned with reproduction. 

When a flower contains both stamens 
and pistils, it is said to be perfect, or bisex- 
ual. Orchids, lilies, roses, and sweet peas 
are all perfect flowers, containing both male 
and female reproductive organs in each 
flower. When a flower does not contain 
both stamens and pistils, it is said to be 
imperfect, or unisexual. It may be a pistil- 
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Top: flowering dogwood—the white petal-like 
structures are modified leaves surrounding a 
tiny greenish flower head. Above: a Royal High- 
ness rose. Below left: a flowering plum in full 
bloom, Below right: American cowslip (Dodeca- 
thon), a wild flower of woodlands, prairies, and 
mountains. 
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Flowers are found even in thé desert. These yellow 
flowers belong to a fishhook cactus. 


late, or female, flower or it may be a stami- 
nate, or male, flower. 

In some species, such as corn, pump- 
kin, oak, and squash, the pistillate flowers 
and the staminate flowers are borne on the 
same individual plant. The plant is then said 
to be monoecious. In other cases, including 
the willow tree, asparagus, hemp, and date 
palm, the pistillate and staminate flowers 


are borne on separate plants. These are 
said to be dioecious. 

A flower may be perfect but incom- 
plete. A calla lily, for example, is perfect 
because it has both stamen and pistils, butit 
is incomplete, lacking sepals. 


FORMING A FLOWER 


A flower starts as a bud. In many 
plants the same stem tip that forms leaves 
will later form a flower. Small projections 
form along the sides of the stem tip. These 
develop into the various parts of the flower, 

What causes flowering? What deter- 
mines when a plant will produce flowers 
rather than leaves? Many factors seem to 
be involved. The plant must have an ample” 
supply of food. Also, certain hormones 
must be produced. 

Environmental factors can also affect 
the start of the flowering period. The rela- 
tive length of day (light) and of night (dark) 
is one such factor. 

The daily period of light to which a 
plant is exposed is called a photoperiod. 


A PERFECT FLOWER 


A typical flower has four main parts: the sepals, 
petals, stamen, and pistil. The stamen and pistil 
are termed essential, necessary for reproduction 
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COMMON TYPES OF 
INFLORESCENCES 


Spike 


Umbel 


Compound Umbel 
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hat bloom in the spring or fall are 


iy plants. Violets, poinsettias, and 


hemums are examples. Long-day 
such as clover, potatoes, and most 
\sually bloom in the summer. They 
nly when the day length is compar- 
ong. 
ver plants bloom only when the day 
neither too long nor too short. 
ne, such as dandelions and toma- 


vill bloom during a wide range of 


ns. 
ther environmental factor that 
s flowering is temperature. Plants 
ettuce, cotton, and peppers flower 
best) at relatively high tempera- 
e flowering of celery, carrots, and 
favored by low temperatures. 
lants flower best at intermediate 
ires. Still others blossom under a 
e of temperature conditions. 


Knowledge of the effects of tempera- 
ture and light on flowering is used by flo- 
rists. By regulating environmental condi- 
tions in greenhouses, they can make plants 
such as chrysanthemums and carnations 
bloom on any chosen day of the year. 


POLLINATION 


We have been talking about many dif- 
ferent kinds of flowers. Certainly there is 
much variety among them—in size, color, 
shape, number of parts, periods of bloom- 
ing, and so on. In every case, however, the 
flower has just one function: to make seeds. 

If seeds are to be made, pollen must 
get from the anther to the stigma on the tip 
of the pistil. This transfer of pollen is called 
pollination. \n a perfect flower, pollen from 
its own stamen may reach the pistil. Or the 
pollen from one flower may land on the pis- 
til of another flower on the same plant. This 


ommon garden petunia, often used for bedding and borders. Top 
zalea. Bottom left: rock asters, wild flowers of mountainous areas. 
nter: night-blooming cereus (Hylocereus). Bottom right: Impatiens. 
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is self-pollination. When pollen is carried 
from the stamen of one plant to the pistil of 
a flower on another plant, the transfer is 
called cross-pollination. 

Cross-pollination depends on an out- 
side agent to carry the pollen from one 
plant to another of the same species. The 
most common agents are insects and wind, 
though birds and water also sometimes car- 
ry pollen. Plants that depend on insects 
advertise their presence with bright colors 
or strong odors. Insects visit the flowers to 
feed on nectar and pollen. The pollen is 
sticky and easily adheres to an insect’s 
hairy body. When the insect then moves on 
to another flower of the same species, some 
of the pollen rubs off. 


Top left: a giant sunflower. Sunflowers turn to fol- 
low the sun's path. Bottom left: iris, a popular orna- 
mental flower. Top right: a garden of annuals that 
includes marigolds and petunias. Bottom right: a 
tree peony 
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In many other plants, the wind carries 
the pollen from one plant to another. In 
most of these plants the stamens and stigma 
are exposed to air currents. The pollen 
grains are lightweight and easily carried by 
the wind. Among the many plants that are 
wind-pollinated are grasses, corn, oak, 
pine, and fir. 

In cross-pollination the characteristics 
of two plants are mixed. This often results 
in plants that are superior to those that re- 
sult from self-pollination. This is true for 
certain varieties of apples, cherries, pears, 


tvrol Society 


nd other kinds of fruit. People who grow 
the ruit trees usually keep beehives in 


th shards to ensure cross-pollination of 
th soms. 

lination is the first step in making 
seeas. The next step is fertilization—the 
u f egg and sperm. This occurs in the 
o rhe sperm, which is formed from a 
pi rain, travels down the pistil through 
a tube. When the sperm reaches the 


o t fertilizes an egg, and seeds are 


r it is fertilized, the egg begins to 


gro: e ovary grows, too. In time, the 
o ecomes a fruit, containing one or 
n ds. When the fruit is ripe, it may 
dr he ground and the seeds develop 
in plants. In many cases, however, 
the ts or seeds are carried by wind, wa- 
te cts, birds, and other animals before 
th ke root. In some cases, the fruits 
RE »„»” scattering the seeds. Seeds 
S| or develop, if temperature, mois- 
tu nd other environmental conditions 
ar ible. 
INF SCENCES 

e many differences between flowers 
are useful to people who are interested in 
ide ying plants. If you were given a rose 
an landelion, you could tell them apart 
because you have learned to identify these 
two flowers. What differences between the 
rose and the dandelion do you use to identi- 
fy tł 1? 


One important characteristic used in 
identification is the relative position of the 
flower on the plant. In some plants, such as 
roses, magnolias, and violets, each flower is 
solitary, borne on a stem that is some dis- 
tance from other flowers on the plant. In 
most flowering plants, however, the flowers 
are borne in clusters. These flower clusters 
are called inflorescences. 

There are many types of inflores- 
cences. We’ll just look at some of the most 
common ones: 

1. Raceme. The main axis of this inflo- 
rescence is elongated. The flowers are 
borne on short stalks known as pedicels. 
The pedicels are all approximately the 
same length and are more or less equally 


New York Horticultural Society 
Top: red poinsettia, a favorite Christmas decora- 
tion. The showy part of the plant is the bright red 
leaves surrounding a small yellow flower. Middle: 
water lilies floating in a pond. Bottom: pansies 
started indoors. These do well outdoors and are 
commonly found in flower gardens. 
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distributed along the main axis. This simple 
type of inflorescence is found in such plants 
as currant, radish, hyacinth, and snap- 
dragon. 

2. Spike. This is similar to a raceme 
but the individual flowers do not have 
stalks. They are sessile, attached directly to 
the main axis. Wheat, cattail, gladiolus, and 
common plantain have spiked clusters. 

3. Simple umbel. Here, the main axis 
is very small. The stalks that bear the flow- 
ers all seem to arise at the same point and 
all the stalks are of about the same length. 
Thus an umbel looks rather like an umbrel- 
la. Examples include ginseng, bluelace 
flower, and onion. 

4. Compound umbel. In a compound 
umbel, the branches grow from the tip of 
the main axis. Each branch then bears an 
umbrellalike cluster of flowers. Carrot, dill, 
and Queen Anne’s lace have this type of 
inflorescence. 

5. Head. In this disk-shaped inflores- 
cence, both the main axis and the pedicels 
are very reduced in size. The flowers are 
crowded close together, forming a disk- 
shaped arrangement. Examples include the 
daisy, sunflower, and the thistle. 


The head is one of the most unusual 
and interesting types of inflorescence. Ina 
head, the flowers are usually very small and 
tightly crowded on a flattened receptacle. 
The daisy is a good example; it isn’t a single 
flower but a whole cluster of flowers. Mar- 
ginal flowers, called ray flowers, are large 
and brightly colored. Their function is to 
attract insects, The flowers in the center of 
the daisy head are much smaller and less 
conspicuous. These are the disk flowers, 
They produce the seeds. 

Dandelions are also examples of head 
inflorescences. Here, however, the entire 
head is composed of ray flowers, each of 
which produces a tiny one-seeded fruit, 

The next time you walk through a gar- 
den look at the flowers. Can you identify 
different inflorescences? Can you find flow- 
ers with fused parts? Can you tell which 
flowers are pollinated by insects and which 
by the wind? 

You will find many floral designs in the 
garden. Each is a thing of beauty. But what 
is really remarkable is that nature has found 
so many ways in which to ensure the forma- 
tion of seeds and, hence, of flowering plants 
on our planet. 


Top left: crocuses. Bottom left: torch zinnia, a popular garden and cut flower 
Top right: Easter lily. Bottom right: camelia-flowered balsam 
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ask a friend to name some fruits, 


the would probably include such 
thir bananas, apples, grapes, and 
pee f your friend is a botanist, then 
bea atoes, and cucumbers might also 
be st. All of these are fruits because 
all , at least in part, of a ripened 
ova nerally, they contain seeds that, 


er conditions, may develop into 


und 
new s 
rst step in the formation ofa fruit 
is p ion. Ordinarily, if pollination fails 
anc ation does not occur, no fruit 
dey It is possible to make a plant bear 
frui ver, even though its flowers have 
not pollinated, by applying synthetic 
hor 
ally, a fruit results from a change 
in t ary wall. Hormones provide the 
stin hat is required. In some plants, 
part r than ovaries also become part of 
the fr 
its have a very specific purpose: to 
prot id help disperse the seeds. 
FRUITS WITHOUT SEEDS 
Some fruits can develop naturally even 
though pollination has not taken place. 
Such fruits are called parthenocarpic. They 


generally are seedless. 

Many cultivated varieties of plants 
have become seedless or practically so. In 
some instances there are only traces of 
seeds, such as the black specks of the ba- 
nana. Plant breeders have deliberately de- 
veloped seedless varieties of grapes and 
oranges, which are now naturally partheno- 


Fruits are ripened ovaries that usually contain 
seeds. Fruits come in many sizes and colors. Some 
familiar fruits are lemons (top), peaches (middle), 
and apples (bottom) 
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Tomatoes, peas, beans, and summer squash are vegetables. Yet to a botanist, 
they are also fruits, for they, too, consist of a ripened ovary 


carpic. Of course, since the fruits have no 
seeds, new plants can be grown only from 
stem or root cuttings, or by some other 
means of vegetative propagation. 

Seedless fruits are exceptional forms. 
Generally speaking, every fruit has one or 
more seeds that have developed from 
ovules. 


STRUCTURE OF FRUITS 


When a fruit arises from the ovary wall 
of a single pistil, it is called a simple fruit. 
The ovary wall grows larger and becomes 
the covering of the fruit. It is then known as 
the pericarp. Simple fruits, each derived 
from a single pistil, are found in many 
plants, including dates, olives, cherries, and 
elms. 

A fruit may develop from a number of 
pistils in the same flower. A fruit like this is 
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called an aggregate fruit. The raspberry 
and blackberry are familiar examples. | 

Multiple fruits develop from the pistils 
of several different flowers, all more or less 
fused. A pineapple plant has a multiple 
fruit; so has a mulberry. 

In plants such as apples and pears, 
only a part of the fruit is developed from the 
pistil. The rest is formed from other parts of 
the flower. This type is called an accessory 
fruit. In the apple fruit, for example, only 
the central part of the core develops from 
the ovary. Most of the fruit is derived from 
the receptacle and outer floral organs. 

The strawberry is also an accessory 
fruit. There are many minute pistils in the 
flower of the strawberry. Each of these pro- 
duces a dry, hard, seedlike fruit. The fleshy 
Part of the strawberry is the receptacle, 
which has become swollen and juicy. 


de Sazo-Rapho 


DETAIL OF THE 
STRUCTURE OF A DATE 
Pulp See 
@ Skin 
ii 
The date palm (top left) reproduces by way of leath- 
ery berries called dates (bottom left). Another berry 
is the citron, a type of lemon, (top right). Cherries 
(middle) are drupes—pit-containing fleshy fruits. 
The pineapple (bottom right) is a multiple fruit. 


MATURE FRUITS 


When fruits become mature, they are 
either fleshy or dry. In a fleshy fruit, such 
as an apple or an orange, the ovary and any 
flower parts that may be associated with 
it form a fleshy structure surrounding the 
seed. In dry fruits, the ovary forms a hard 
coat for the seed. Acorns and pea pods are 
examples of dry fruits. 

Fleshy fruits. There are three different 
kinds of fleshy fruits: berries, drupes, and 
pomes. In a berry, the entire ovary wall be- 
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Walnut fruit. On the tree, the fruit is covered by 
the green skin. The inner wall of the Ovary forms 


outer skin. 


In the drupe, the inside layer of the 
Ovary wall is hard, formi: i 
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cultivate the first three of these fruits 2 
the fleshy part. In the almond, the fleshy 
layer is removed before the fruit is mar- 
keted. r 

A pome, such as an apple, pean Ki 
quince, is an accessory fleshy fruit. M 
of its pulp is derived from the rece 
and other parts of the flower. We can oft f 
See the remains of the calyx at the end 7 
the fruit opposite the stem. As a pom 
fact, apple growers refer to the “stem eni 
and the “calyx end” of an apple. 


Dry fruits. In dry fruits the pericarp is 
ly divided into layers. Some dry 
alled dehiscent, open when they are 
mature and shed their seeds. A pod, suchas 


that of the pea or bean, is a familiar type 
of dehiscent dry fruit. The pod is derived 
from a single pistil. The ovules, which later 
develop into seeds, are attached to one of 
the inner surfaces. When the pod is mature, 


it ; lengthwise along two margins, 
forming two valves, or halves, and thus re- 
leases its seeds. 
he dry fruit called the follicle differs 
from the pod in that it splits along only one 
margin. The fruits of the milkweed and lark- 
spur are follicles, though they are some- 
times incorrectly called pods. 
me dehiscent fruits are derived from 
a compound ovary, made up of two or 
more united carpels. The carpel is the seed- 
be g part of the pistil. In a capsule, such 
a fruit of the poppy, violet, and snap- 
dr the seeds escape through pores or 
slit ıt develop in each carpel. 
ertain dry fruits, called indehiscent, 
plit open when they are mature. 
lly they contain only one or two 
There are five different kinds of in- 
ent fruits: achenes, samaras, schizo- 


erains, and nuts. 
n an achene, such as the fruit of the 
sunflower and the buttercup, the pericarp 


ns separate from the solitary seed 
within it. 

he samara has much the same type of 
structure as the achene. However, the peri- 
carp of the samara develops a large wing, 
which aids in the dispersal of the fruit. 
Samaras may be single, as in the ash, or 
double, as in the maple. 

A schizocarp, of which the fruits of 
carrot, dill, and celery are examples, is 
usually formed of two fused carpels, which 
split apart when mature. Each part usually 
contains a single seed. 

In a grain, the seed is completely 
fused to the inner surface of the pericarp. 
This type of fruit is found in cereal crops, 
such as wheat, rice, and corn. ) 

A nut has a thick, hard pericarp. 
Acorns, hazelnuts, pecans, and cashew 
nuts are well-known examples. In certain 


nuts, such as pecans, the outer part of the 
ovary wall becomes a husk, while the inner 
part forms a hard shell. Some of the “nuts” 
sold by grocers are not nuts in the botanical 
sense. The Brazil nut, for example, is really 
a seed. And, as mentioned earlier, the 
almond is the “pit” of a fleshy fruit. 


THE FORMATION OF SEEDS 


While the ovary and other flower 
parts are ripening into a fruit, the ovule 


Soybean pods and beans. When the pods are ma- 
ture, they split and release their seeds. Soybean is a 
nutritious food. Its spun protein fibers (bottom) are 
now being used as meat analogs. 
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The art above summarizes the distinction between dry and fleshy fruits. In fleshy 
fruits, such as berries, drupes, and pomes, a fleshy structure surrounds the 
seeds. In dry fruits, such as pods, samaras, follicles, capsules, grains, and nuts, 
the seed is protected by a hard coat. 


or ovules are developing into seeds. In the 
maturing seed, one or more protective seed 
coats form on the outside. Within these 
arises a miniature plant, called the em- 
bryo, and a mass of tissue, called endo- 
sperm, which serves to store food. 

In some seeds, such as those of peas 
and beans, food storage in the endosperm 
is temporary. The stored food is soon trans- 
ferred to the embryo, so that the mature 
seed has no endosperm at all. In other 
seeds, including those of corn, wheat, and 
castor beans, the embryo does not store 
food but obtains it as needed from the endo- 
sperm. Thus, a good part of the mature seed 
is made up of endosperm. 


FRUITS AND SEEDS 


The embryo within the seed repre- 
sents an entire small plant. It contains one 
or two seed leaves, called cotyledons, anda 
short axis. The upper part of this axis is 
called the epicotyl; the lower part, the hy- 
pocotyl. The lower end of the hypocotyl— 
the radicle—gives rise to the first root of 
the sprouting plant. Most or all of the shoot 
system of the new plant grows from the 
epicotyl. 

9 If you examine a large seed, such as a 
lima bean, you can see the two large, 
fleshy cotyledons after you remove the 
seed coat. When the cotyledons are sep- 
arated, the hypocotyl is revealed. In the 
seeds that contain endosperm when ma- 
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ture, such as the castor bean, the cotyle- 
dons are not fleshy. 

The food stored in the endosperm of 
the seed or in the cotyledons is mostly in 
the form of carbohydrates (such as starch), 
fats and oils, and proteins. Carbohydrates 
are found in nearly all seeds. Proteins occur 
in large quantities in seeds such as peas and 
soybeans. The seeds of peanuts, coconuts, 
a cotton are particularly rich in fats.and 
oils. 


DISPERSAL OF FRUITS AND SEEDS; 
SEED GERMINATION 


When fruits and seeds are mature, they 
are cast off from the plant on which they 
have developed. In plants with dehiscent 
fruits, it is the seeds that are scattered far 
and wide as the fruits split or burst open. 
If the fruits are indehiscent, the fruits, not 


the seeds, are scattered. In some cases cer- 
tain plant structures or behavior patterns 
favor the dispersal of fruits and seeds. They 
may also be spread by wind, water, animals 
and man. If conditions are favorable, the 
seeds will germinate and will give rise to 
new plants. We discuss dispersal and ger- 
mination in the articles “Seed and Fruit 
Dispersal” and “From Seed to Seedling.” 


PEOPLE USE FRUITS AND SEEDS 


Fruits represent a considerable por- 
tion of the human diet the world over. 
Economically, the most important fruits 
of all are the cereal grains—wheat, corn, 
rice, oats, barley, and the like—which the 
average person would not consider fruits 
at all. Fleshy dessert-type fruits—apples, 
pears, plums, cherries, grapes, blueberries, 
dates, oranges, lemons, and grapefruit, to 
mention only a few—also form a valuable 
part of the diet. So do nut meats derived 
from plants such as hickory, pecan, and 
walnut trees. 

Some well-known food items sold as 
vegetables—tomatoes, peas, and beans, 
among others —are really fruits, since they 
are derived, in part at least, from the rip- 
ened ovaries of flowers. Strictly speaking, 
we should reserve the word “vegetable” 
for edible parts of the plant not derived 
from the pistil. From this point of view, a 
potato and a Jerusalem artichoke are vege- 


Left: the seed of the lima bean, showing one of the 
two cotyledons, or seed leaves, and the short axis, 
which is divided into two parts—the epicotyl and 
the hypocotyl. Food stored in the endosperm is 
soon transferred to the embryo; hence the mature 
seed has no endosperm. At the right is seen a cas- 
tor bean, the seed of the castor-oil plant. In the cas- 
tor bean a considerable portion of the mature seed 
is composed of endosperm. 
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tables, because they are tubers—that is, 
underground parts of the stem. Lettuce, 
cabbage, and spinach are vegetables be- 
cause they are leaves of plants. This dis- 
tinction between fruits and vegetables is a 
sound one from the botanist’s viewpoint. 
Of course, it would not seem very con- 
vincing to a produce salesman. 

The seeds of plants also serve us in 
many ways. We pointed out that cereal 
crops should really be considered as fruits, 
since they consist of grains. However, 
these grains are made mostly of seeds. The 
seeds of legumes such as beans and peas 
are important human foods. Edible oils and 
fats are extracted from the seeds of pea- 
nuts, soybeans, coconuts, and cotton. 

Many oils derived from seeds are im- 
portant in industry. For example, linseed 
oil, produced from flaxseeds, and tung oil, 
from the seeds of the tung tree, serve as 


drying oils in the manufacture 


other products. The tangled ; 


growing on the seed coats 
plant yield cotton, one of the 


tant textile fibers. Certain po 
ages are derived from seed 


brewed from the seeds of th: 
cocoa from cacao seeds. Oth 
oils that have been useful in mi 

Research also continues 
for seeds. The jojoba shrub 
grows in desert regions of y 
America, has recently been { 


seeds that yield a waxy oil that 


lar to the oil that is obtained fy 
whale and widely used in 
industry. Scientists are look 
possibility of using the plant's 
stitute for the whale oil, the: 
the commercial value of the 
sperm whale. 


Fruits are also, as explained in the text, grouped according to the 


A simple fruit develops from the ovary of a single pistil; an agar 


velops from a number of pistils in the same flower; and a multip! 
pistils of several flowers. 


MULTIPLE 
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SEED AND 
FRUIT DISPERSAL 


by Harry J. Fuller 


fhe seeds or fruits of many plant spe- 


cies have certain special structures or pat- 
terns of behavior that favor their spread 
over wide areas. Various external forces or 
agen uch as wind, water, and animals, 
may also contribute to this spread. 


dispersal may have important 


consequences. For one thing, it is likely to 
prevent the heightened competition for 
spac it, water, and soil nutrients that 
would result if seeds sprouted in the imme- 
diate inity of the parent plant. Dispersal 
may also help plant species to establish 
them es in new areas. Hence, it may 
become an important factor in the survival 
of th ecies, 

eeds are the characteristic reproduc- 
tive structures of seed plants. In some of 
these plants, called gymnosperms (they in- 
clude pines, spruces, and firs), the seeds are 


produced upon the surfaces of scales. 
These are borne in clusters called cones. In 
other seed plants—the so-called angio- 
spé or flowering plants—the seeds 
are produced within enclosing structures 
known as fruits. When a fruit is mature, it 
disir tes or splits open, freeing the en- 
clos eds. After one of these seeds 
sprouts, its embryo grows into a new plant. 

In some species of plants, including the 
milkweed, poppy, catalpa, and pea, fruits 
remain attached to the parent plant. Seeds 
escape from the enclosing fruits and are 
then carried away by wind, water, or other 
agents. In other species, including the dan- 
delion, elm, and beggar-ticks, whole fruits 
are dispersed from their parent plants, the 
seeds remaining within the fruits during the 
dispersal period. These fruits are usually 
small and are most often one-seeded. 

The distances to which seeds and fruits 
may be dispersed vary greatly in different 
species of plants and with differing environ- 
mental conditions. Ordinarily, when seeds 


and fruits are spread by wind and water, 
they cover greater distances (often 
hundreds of kilometers) than when they are 
transported by animals or other agencies. 


PLANT STRUCTURES THAT FAVOR 
DISPERSAL 


In some plants, including members of 
the pink family, the fruit has a pore, serving 
as an opening, at its tip. The pore is sur- 
rounded by teeth that are sensitive to mois- 
ture in the atmosphere. These teeth curve 
backward—that is, outward—in dry air, 
thus allowing seeds to escape from the 
fruit through the opened pore. When the air 
is humid, the teeth bend upward and in- 


The ripe seed vesicle of the Oriental poppy Seeds 
sift out of the pores on these vesicles 


Hugh Spencer 
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ward, closing the pore and preventing the 
escape of the seeds. This is called a hy- 
groscopic mechanism. It reacts to varia- 
tions in the amount of moisture (hygros, in 
Greek) contained in the atmosphere. It 
is an effective arrangement for the spread 
of seeds. Since the seeds escape in dry 
weather, lack of moisture prevents them 
from becoming clumped together. There- 
fore, they are more widely scattered. 

Other plants contain a sifting mecha- 
nism. Fruits such as the Oriental poppy and 
the bluebell (Campanula) contain small 
pores, corresponding to the holes of a salt 
shaker. As the seeds mature, they sift out of 
the fruits through these pores. The sifting 
process is speeded up as winds move the 
fruits to and fro. 

In some species, the fruits suddenly 
rupture, often with explosive force. As the 
fruit splits, the enclosed seeds are flung or 
Squeezed out, sometimes for distances of 
several meters. The splitting movements 
are caused by tissue strains and tensions 
that develop as a result of unequal growth 
and unequal drying of fruit tissues as fruits 
mature. Splitting mechanisms of this type 
are found in the fruits of legumes such as 
Sweet pea and soybean, and of various 
other plants, such as oxalis, geranium, 
and touch-me-not. 

Frequently, contact with some solid 
object will set off an explosive movement 
before the fruit is completely matured. If 
one touches the fruit of a common oxalis, 
sheep sorrel, or touch-me-not with a pencil 
or toothpick, the fruit will suddenly burst 
along its seams, flinging the seeds out. This 
will also happen if an insect of sufficient 
size and weight comes in contact with the 
fruit. 

Sometimes a fruit will explode because 
of the increase of internal water pressure. 
This is a rather rare type of mechanism. It 
is best known in the squirting cucumber 
(Ecballium), whose fruit bursts at maturity, 
squirting out a portion of the pulp and the 
enclosed seeds. 


WIND HELPS SPREAD PLANTS 


Wind plays an extremely important 
part in spreading the seeds or fruits of many 
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Milkwe yarachute 
seeds jwn away 
from the ) pods. A 
single se shown in 
the draw at left. 
plant species. The effectiveness of the wind 
as a transporting agency is due to the mi- 
nute size and weight of the seeds of orchids, 
heather, tobacco, and various other plants. 
An orchid seed, for example, may weigh as 


little as three hundredths of a milligram. It 


Left: the pine’s winged seeds drop from the cone 
cells when they mature. Middle: maple fruits be- 
have like windborne gliders because of their flat- 
tened wings. Right: the winged fruit of the ash tree 
resembles that of the maple. 
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Lynwood Chace, Audubon 


can be carried great distances by air cur- 
rents. 

Wind transportation is sometimes fa- 
vored by specialized structures that give 
buoyancy to seeds and fruits in air currents. 
The flattened wings found on various seeds 
(catalpa, trumpet creeper) or fruits (elm, 
maple, ash) cause them to behave like glid- 
ers borne by air currents. In a few plant 
species a broad flat wing is attached to a 
cluster of fruits. This wing, which is really a 
specialized leaf and not part of the seed or 
fruit, is found on the fruit clusters of the 
linden, or basswood, tree. 


Left: the one-seeded fruit of the elm tree has a 
green membranous covering. Middle: fruit of the 
lotus plant, a member of the water-lily family. Right: 
the fruit of the false buckwheat is extremely buoy- 
ant, enabling it to float on water. 


all line drawings, General Biological Supply House, Chicago 
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Feathery globes are formed by the dandelion. The 
seeds are attached to parachutes. They are blown 
over wide distances until they settle and germinate. 
Asingle seed is shown at left. 


In certain cases tufts of soft bristles or 
hairs serve as parachutes and enable fruits 
or seeds to float, sometimes for consider- 
able distances, in air currents. Such tufts 
occur on the seeds of some species (milk- 
weed, cottonwood, willow, fireweed) and 
on the fruits of others (dandelion, goats- 
beard). 

Certain plants, such as Russian thistle 
and tumbleweed, become detached from 
their roots when their seeds reach maturity. 
As wind causes the plants to roll over and 
over along the ground, they scatter their 
seeds far and wide. 


WATER CARRIES SEEDS 


Water is another important agent of 
seed dispersal. The seeds or fruits of some 
plant species are buoyant because they 
contain air spaces or tissues that are light in 
weight and resistant to water. They often 
float for great distances and for consider- 
able periods of time. The fruits and seeds of 
several palms that grow in the Orinoco 
River basin of Venezuela are sometimes 
washed up on the shores of Norway after a 
voyage of thousands of kilometers in the 
Gulf Stream. The extensive spread of coco- 
nut palms from their original home in the 
islands off the southeastern coasts of Asia 
is due, in part at least, to the ocean travels 
of the buoyant coconut—the fruit of the 
coco palm. The fibrous husk of this fruit 
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Left: cocklebur bur. The hooked ends help the seed stick to whatever has 
brushed against it. Second: the fruit of the sweet cicely splits to form two dry, 
one-seeded structures. Third: bur of the burdock plant. It is easily tangled in 
clothing and sheep's wool. Right: bur of the wild carrot, which is the cultivated 


carrot's ancestor. 


makes it light, and its leathery skin prevents 
it from becoming waterlogged. 


ANIMALS SCATTER SEEDS 


Birds, mammals, and certain insects 
are often effective dispersal agents. Some- 
times seeds or fruits are provided with spe- 
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{| porcupine grass, which is found in the 
rt of the United States. 
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cialized structures. The coats of certain 
seeds become very sticky when moist. In 
this condition they will adhere to the hair of 
mammals or the feathers of birds. As they 
dry, they fall to the ground. Some seeds are 
imprisoned in the soil on which they have 
fallen as it cakes. Both soil and seeds may 
adhere to the feet of animals walking past. 
Seeds may be transported for a consider- 
able distance in this way. 

Birds and mammals often help scatter 
seeds by eating the fruits in which they are 
enclosed. These animals, especially the 
herbivorous varieties, eat many kinds of 
fruits, especially fleshy ones, such as ber- 
ries and stone fruits, which become succu- 
lent and tasty as they mature. Many fruits 
apparently attract animals by their odors 
or by their red, orange, purple, blue, or 
yellow colors, which contrast sharply with 
the green color of leaves. 

The seeds enclosed in the fruits may be 
digested and assimilated after they are 
swallowed by animals. In many plant spe- 
cies, however, the coats of some or all of 
the seeds are resistant to the digestive en- 
zymes of animals’ digestive tracts. They are 
scattered with the feces as the animals 
move about. Birds are especially effective 
in dispersing seeds in this way. Mammals 
also may drop large numbers of seeds in 
their feces. But they do not usually scatter 
seeds over such large areas as birds do, 
since their movements are ordinarily more 
restricted. 

Birds also help spread the seeds of the 
mistletoe, which is parasitic on apple trees, 
poplars, maples, and other trees. The birds 
eat the white berries of the mistletoe. Later 
they wipe their bills on tree branches in 
order to get rid of the sticky seeds. The 
seeds remain attached to the branches until 
spring. Then they sprout. They thrust roots 
into the branches and produce a few pale 
green leaves. 

Squirrels and other rodents eat many 
nuts. They also may bury many for future 
use and never return to claim them. In this 
fashion they help to plant such trees as 
oaks, walnuts, and hickories. 

Some plant species are spread by ants, 
which derive food from oil-storing bodies 
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Many fruits disperse their seeds 
by blasting them out of the fruit- 
ing body. They are propelled 
rather far. Some examples are: 
lupine fruits (left); witch-hazel 
shrubs (middle); squirting cu- 


cumber fruit. 
Hugh Spencer 


called elaiosomes, which are present on 
seeds, fruits, or structures attached to 
fruits. Such seeds may be carried by ants 
for considerable distances—sometimes as 
much as 60 meters. 


PEOPLE ALSO DISPERSE SEEDS 


Human beings are important agents in 
the dispersal of seeds. In some cases, we 
deliberately carry the seeds of useful 
plants—such as corn, wheat, sugar cane, 
coffee, and Pará rubber—to far-off lands. 
We have also transported the seeds of 
many ornamental plants, including tulips, 
hyacinths, lilacs, poinsettias, dahlias, and 
zinnias, far from their original habitats. 

Some of the species introduced in this 
way may become naturalized. That is, they 
may ultimately propagate themselves with- 
out cultivation. They may come to be con- 
sidered as weeds and, in some cases, as 
most unwelcome ones. The hemp plant 
(Cannabis) offers an example of this sort of 
transformation. It was introduced as a culti- 
vated plant into the American colonies at 
an early period. Today it has become natu- 
ralized in many parts of the eastern and 
midwestern United States. It is an objec- 
tionable weed, since it yields marijuana. 
The soapwort, a native of Asia, was intro- 
duced into North America as a garden 
plant. It, too, has become naturalized as a 
troublesome weed in certain areas. 

Like other mammals, people unwit- 
tingly transport seeds and fruits that are 
equipped with surface barbs and spines. 
These become fastened to the clothing of 
hunters, woodmen, and hikers walking 
through fields and woodland. The seeds or 
fruits of needle grass, beggar-ticks, tick tre- 
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foil, sandbur, and other pi are often 
transported in this way. Certain seeds have 
been carried considerable stances by 
“hitchhiking” on automobile ucks, and 
planes. 

Sometimes the seeds of undesirable 
plants become mixed with the seeds of a 
cultivated variety that people k to intro- 
duce into a new environment. As a result, 
the undesirable plants are to win a 
foothold in the new environ t, perhaps 
thousands of kilometers from their place of 
origin. 

For an example, in the 1870s some 
South Dakota farmers decided io plant flax 


in their fields and obtained seed from 
abroad. Unfortunately the flax seed con- 
tained an admixture of Russ istle seed, 
which the shipper had not removed. In just 
a few years the Russian thistle had estab- 
lished itself in South Dakota and Missouri. 
A decade or so later it had spread all the 
way to the Pacific coast. 


WILL THE SEEDS THRIVE? 


The effectiveness of a dispersal 
method varies greatly in different species. 
It may also vary enormously from time to 
time within the same species, particularly 
as environmental conditions change. If a 
new environment to which a plant has been 
transported is unfavorable, the plant will 
not thrive. 

Venezuelan palm seeds may float 
across the Atlantic Ocean to the shores of 
Norway, but they will not develop into 
palm trees in Norway. The temperature 
and other environmental conditions in that 


northern country prevent germination of 
the seeds. 


The js of many fruits are dispersed by animals. The ones shown above are scattered by birds. 
From tati to right: fruit of poison ivy; fruit of sumac, typically found in thick cluster; fruit of hawthorne, 
known as haws; tiny fruits of chokeberry; and fruit of wild rose shrub. 


ome cases, when the seeds of a struggle for existence that the seedlings of 
plant species are dispersed into a new area, the newly introduced species never grow 
the temperature and other features of the into mature plants. 
it may be favorable enough so Obviously, therefore, the dispersal of 


envir 

that seeds will sprout. However, other seeds and fruits does not necessarily result 
plant cies already growing in that area in the spread of plant species. It is effective 
ma} such effective competitors in the in some cases, futile in others. 

Squirrels and chipmunks, among others, hoard nuts and seeds. If the seeds are 

stor jw ground and then forgotten, a new plant may germinate. 


Lynwood Chace, Audubon 
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FROM SEED 
TO SEEDLING 


by Harry J. Fuller 


The next time you eat an orange or 
some grapes, save the seeds. Plant them in 
some soil. Keep the container moist and 
watch what happens. Soon, tiny green 
shoots will break through the soil’s surface. 
With enough light and moisture, the grape 
plants will grow into vines. The tiny orange 
plants will develop attractive, shiny leaves. 
In a tropical or a subtropical environment, 
they will eventually develop into full- 
grown and fruit-bearing trees. 

Not all the seeds that you plant will 
sprout, or germinate. This is true, too, in 
nature. There are many reasons why a seed 
may not sprout. The environment may be 
unfavorable. It may be attacked by disease. 
Or it may be eaten by an animal. If this 
happens, the reproductive cycle is broken, 
as far as that particular seed is concerned. 
It will not be able to develop any further 
into an adult plant. 


EPICOTYL 
(PLUMULE) 
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But if all conditions are favorable, a 
transformation takes place within the seed, 
A tiny root pushes down into the soil, anda 
tiny shoot makes its way above the surface. 
The seed has germinated and has given rise 
to a seedling. If all goes well, the seedling 
will grow into a mature plant. This will bear 
flowers and the cycle will begin anew. 


PARTS OF A SEED 


A typical seed consists of three parts: 
an embryo, endosperm (a mass of food- 
storage tissue), and an envelope called the 
seed coat. 

Embryo. The embryo is the part that 
will grow into a plant. It is somewhat cy- 
lindrical. Its lower end, called the hypo- 
cotyl, forms the first root of the seedling. The 
upper end of the embryo, the epicotyl, is the 
stem-forming portion. The embryo also 
bears one or more side growths, called cot- 
yledons, or embryonic leaves. They usu- 
ally serve for the digestion or storage of 
food, or for both digestion and storage. 

In flowering plants, the number of cot 
yledons is almost always one or two. The 
number varies in cone-bearing plants; there 
may be as many as eight. Cotyledons may 
be thin or leaflike, as in the embryo of the 
castor bean. Or they may be thick and 
fleshy, as in the embryos of the peanut, gat- 
den bean, and pea. 

In a few plant species, seeds may lack 
embryos because the reproductive proi 
cesses of the species are abnormal. There 15 
no embryo, for example, in the seed of the 
banana plant. Therefore it cannot germi- 
nate. Such plants must be reproduced by 
cuttings or other vegetative means. 


A typical seed consists of three parts: the embryo, 
endosperm, and the seed coat. The embryo is made 
up of the epicotyl, or stem-forming portion; the 
hypocotyl, or root-forming portion; and one Of 
more cotyledons, or embryonic leaves. 


Endosperm. Food-storage tissue is 
presen! in all seeds at some time in their 
development. In the seeds of certain plants, 
such as the bean and the peanut, the endo- 
sperm ‘issue is digested and absorbed by 
the cotyledons before the seeds leave the 
paren! plant. The mature seeds, therefore, 


have no endosperm tissue. 
In other plant species, including the 
corn ənd castor bean, the endosperm tissue 


of the seed is not digested and absorbed by 
the ¢ctyledons until after the seeds have 
begun to germinate. Hence the endosperm 
is present in the mature seeds. 
jeod coat. The seed coat is the surface 
>] the seed. It is a protective struc- 
ture. Sometimes, it is thin and papery, as 
i ut and pea seeds. In other species, 
the Brazil nut, the protective coat- 
ing o! ‘he seed is thick and hard. 
lhe seed coat guards the embryo and 
m against drying out and mechani- 
, as well as against the attacks of 
insects, bacteria, and fungi. A thick seed 
coal aʻso serves as insulation; it provides 


effective protection for the embryo against 
extremes of temperature. 

Seeds differ in size and structure. Few 
persons have difficulty in distinguishing 
among the seeds of green beans, peas, pea- 
nuts, radish, corn, and other familiar plants. 
There are noticeable differences in the 
shape and size of cotyledons, epicotyls, and 
hypocotyls, and in the thickness, texture, 
and color of seed coats. 


A PERIOD OF DORMANCY 


The seeds of most plant species germi- 
nate when the temperature is favorable, 
when there is an adequate supply of free 
oxygen, and when soil moisture is readily 
available. Yet in many species, the seeds 
are incapable of sprouting when they fall to 
the ground, no matter how favorable the 
environmental conditions may be. The 
seeds will not germinate until they have 
passed through a period of rest, called dor- 
mancy. This is true particularly of plants in 
temperate zones and in tropical regions 
with prolonged dry seasons, However, 
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dormancy does not result from any condi- 
tions of the environment. Rather, it is due 
to the peculiar structure or life processes of 
the seeds themselves. 

Dormancy may be due to several fac- 
tors. In certain seeds, such as those of 
sweet clover, water cannot penetrate the 
seed coat at first. Germination cannot take 
place until the seeds have been properly 
prepared by nature or people. Seed coats 
may be cracked by alternate freezing and 
thawing, as the temperature rises and falls. 
They may be eroded by the destructive ac- 
tion of soil bacteria and fungi. Some seed 
coats are subjected to the mechanical ac- 
tion of threshing machines or are scraped 
by files in the process known as scarifica- 
tion. Once a seed coat has been weakened 
in any of these ways, water can enter it and 
the seed can sprout. 

In some instances, seed coats are im- 
pervious to oxygen. They will not germi- 
nate unless they are cracked or eroded in 
the ways just mentioned. Other seed plants 
may admit water and oxygen to the interior 
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portions of seeds, but they are so hard that 
they form a barrier to the growing embryo, 
The first root and stem will not be able to 
emerge until the seed coats have been 
cracked or scarified. 

The embryos of certain seeds may be 
immature at the time that the seeds are dis- 
charged from the parent fruit. Before germi- 
nation can take place, the seeds will have to 


pass through a period of further develop- 
ment in the soil. The embryo and its parts 
will be fully mature at the end of this period. 
The chemical condition of the embryo 
or endosperm at the time of seed release 
may be such that germination cannot take 


place. During the dormant period, certain 
chemical changes in the embryo or endo- 


sperm will occur. As a result, the seed will 
be able to sprout. 
The seed coat may contain chemical 


inhibitors—substances that interfere with 


or retard a chemical reaction — which will 
prevent germination. These inhibitors must 
be disposed of during the rest period. They 
may be leached out of the seed coat by soil 


moisture. They may break down as they 
react with various chemical agents in the 
soil. As soon as the inhibitors have been 
removed, germination takes place. 


Some botanists hold that the dormancy 
of seeds enables certain plant species to 
survive Curing periods when the environ- 
mental ¿conditions are harmful. For exam- 
ple, if the seeds of plants in the temperate 
zones were to sprout as soon as they be- 


ure, they might be killed by the 
atures of late autumn and win- 


ter. T seeds are dormant during these 
season. (heir germination is delayed until 
the fo!\owing spring. By that time there will 
no longer be danger of injury by low tem- 
perature. The dormancy of the seeds of 
plants in regions with prolonged dry sea- 
sons fay also prove beneficial. It may 
preveni the germination of seeds at the be- 
ginning of the dry season, when drought 
conditions might make it hard for the seed- 
lings rvive. 


lf à period of rest results from unfavor- 
able conditions of the environment, it is 


known quiescence. A seed may have 
passed ‘rough its period of dormancy. Yet 
if there is insufficient moisture or if the soil 
temperature is not suitable, the seed will 
not germinate. It will remain quiescent until 
conditions become more favorable. 

READY TO GERMINATE 


Once the period of dormancy has 
passed, seeds will sprout under the condi- 
tions we have already mentioned: suitable 
temperature and adequate supplies of oxy- 
gen and water. Contrary to popular belief, 
soil is not necessary for germination in 
most cases. Ordinarily, seeds will sprout in 
moist sand, sawdust, vermiculite, paper, or 
peat moss if the temperature is favorable 
and if there is enough oxygen and moisture. 
If seeds most commonly germinate in soil, 
it is simply because soil occurs so abun- 
dantly on the surface of the earth. ; 

Germination may take place even if 
the soil does not supply nitrogen, phospho- 
Tus, potash, and other essential chemical 
Nutrients. This is possible because seeds 
ordinarily contain enough food to nourish 
the growing embryos through the seedling 


Top: the seeds of the well known Brazil rubber tree 
remain alive and capable of germination for only a 
few weeks after they have been cast off from the 
fruits. Bottom: the seeds of the Egyptian lotus re- 
main viable, or capable of germination, for many 
years. The lotus is a member of the water-lily family. 
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stage. Seeds will germinate, for example, in 
pure quartz sand supplied with distilled 
water. However, as the food stored within 
the cotyledons and endosperm is exhaust- 
ed, the seedlings must receive nitrogen, 
phosphorus, and other chemical nutrients 
from the medium in which they are growing 
or they will die. 

The most favorable temperature for 
the germination of most seeds lies between 
15° Celsius and 38° Celsius. As the ther- 
mometer reading goes below 15°, the rate of 
germination decreases. No seeds at all will 
sprout when the temperature approaches 
the freezing point of water (0° Celsius). The 
seeds of many tropical plants fail to germi- 
nate when it is as cold as 10° Celsius. 

As the temperature rises above 38° 
Celsius, the seeds of most plants show a 
declining germination rate. The point above 
which sprouting ceases altogether varies in 
different species. In most cases, however, a 
seed will not germinate if the temperature is 
above 60° Celsius. 

Free oxygen is necessary for respira- 
tion, which releases the energy required for 
growth. That is why the absence of oxygen 
will retard or prevent germination in seeds. 
The seeds of some species of water plants, 
such as water lilies, can sprout when the 
Oxygen concentration is very low. Most 
land-plant seeds, however, require abun- 
dant oxygen for normal germination. 
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If the soil becomes waterlogged, fol- 
lowing very heavy rains, water may accu- 
mulate to such an extent that a! 


| oxygen is 
forced out of the soil spaces. Under such 
conditions, germination will not take place. 
The seeds in the waterlogge vil may be 
attacked by anaerobic ba ia, which 
flourish in the absence of oxygen. These 
seeds may die as a result. Or, if they germi- 
nate later, their respiration y develop 
abnormally. 

Seeds must have just the ht amount 
of water to germinate. If there is too much, 
as we have seen, it will dri ut oxygen 
from cell spaces and the seed will not sprout. 
If, on the other hand, there is too little wa- 


ter, seeds will not be able to digest the food 


in their endosperm tissues: ‘he epicotyls 
and hypocotyls will not grow. “he seeds of 
different plants vary somewhat in their wa- 
ter requirements. 
THE VIABLE PERIOD 

Seeds remain viable — that is, alive and 
capable of germination — for eriod that 
varies enormously, depending on the spe- 
cies and the environmental conditions. In 
many orchids and in the Brazil rubber tree, 
for example, seeds remain viable for only a 
few weeks after they are discharged from 
their parent fruits. If they do not germinate 


within this brief period, they will die. 4 
The seeds of other species may be via- 
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ble for a century or longer. According to 


some accounts, grains of wheat and barley 
placed ancient Egyptian tombs 4,000 
years aso have kept their viability. Reputa- 


scientists have never been able to 


verify (ese reports, and so they must be 
discounted. As far as botanists are aware, 
the record for viability is held by an oriental 


water liiy species. Its seeds have remained 
capabl? of germination for 800 years. 

The «verage period of viability ranges 
from 4 0 years. The percentage of via- 


ble s for a given species decreases 
sharp! the seeds age. Therefore, in se- 
lectin s of crop plants for planting in 
fields ardens, it is important to use 
seeds th=! are not more than two or three 
years old to ensure a high percentage of 
germ m. Storage conditions influence 
the k of the viable period of many 
seeds. ‘ cnerally speaking, seeds keep their 
viabil onger when they are stored under 
dry, c onditions. 


4 AP 


EPICOTYL 


HYPOCOTYL 


Botanists do not know much about the 
factors involved in the loss of viability. 
Apparently it is due to certain chemical and 
physical changes occurring in the cells of 
the embryo. 


FROM EMBRYO TO SEEDLING 


When conditions are favorable for 
germination, the seed begins to absorb wa- 
ter. As it does so, it swells, and the seed 
coat is ruptured. Water enters the cells of 
embryo and endosperm tissue. The mois- 
ture content of these cells rises from the 
pre-germination level of 10 per cent to 90 
per cent or more. As the protoplasm of the 
cell absorbs moisture, various life pro- 
cesses are stirred into action. The plant- 
growth hormone, indoleacetic acid, which 
controls and promotes the various stages of 
growth, begins to function. It regulates the 
development of the hypocotyl and epicotyl. 

Foods stored in the endosperm and the 
cotyledons are now digested. The rate of 


The germination of a garden bean. The bean (1) 
does not begin to germinate until the temperature 
is high enough, there is an adequate supply of oxy- 
gen, and soil moisture is readily available. When 
conditions become favorable at last, the seed 
begins to absorb water and it swells (2). The hypo- 
cotyl emerges through a split in the seed coat (3). It 
grows at both ends. The lower end forms the pri- 
mary root. The upper end grows above the surface 
of the soil, carrying the cotyledons and epicotyl with 
it. The primary root then begins to put forth secon- 
dary roots (4). As time goes on, the secondary roots 
become plentiful. The stem grows higher, and 
leaves arise from the epicoty!. The growing plant 
uses the food stores contained in the cotyledons 
(5). As the stores are used up, the cotyledons 
shrink. Later, they will drop off. The stem grows 
higher. New leaves develop. By now, the seed has 
become a full-fledged seedling (6). 
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respiration increases rapidly. It results in 
the release of chemical energy, which is 
essential in cell division, protoplasm pro- 
duction, and other growth processes. 

As digestion, respiration, and the as- 
similation of foods into living protoplasm 
occur, cells at the tips of the epicotyl and 
hypocotyl begin to divide, forming new 
cells. These cells begin to enlarge as they 
absorb water, and new protoplasm is 
formed. 

The tip of the hypocotyl now emerges 
through a split in the seed coat—a split 
brought about by the absorption of water. 
The growing hypocotyl tip becomes the 
first, or primary, root of the seedling. It may 
reach a length of two centimeters or more 
before the growing tip of the epicotyl at the 
Opposite end of the embryo emerges from 
the seed coat. This arrangement is highly 
advantageous. It ensures firm anchorage of 
the seedling in the soil. The water and the 
nutrient elements that the root draws from 
the soil will be necessary for the later 
growth of the seedling. After the primary 
root has become established, the epicotyl 
tip begins to grow upward; it forms the be- 
ginning of the seedling stem. 

In the germinating seeds of some spe- 
cies, such as pea and corn, the hypocotyl 
remains in the soil and the epicotyl alone 
forms the seedling stem. In other species, 
including the garden bean and the castor 
bean, the hypocotyl grows at both ends. 
The lower end forms the primary root, as 
we have seen. The upper end grows above 
the surface of the soil, carrying the cotyle- 
dons and epicoty] with it. In the Seedlings of 
such species, the lower portion of the stem 
develops from the upper part of the hypo- 
cotyl; the upper part of the stem is derived, 
not from the hypocotyl, but from the epi- 
cotyl portion of the seed. 

The growing primary root soon begins 
to put forth root branches, or secondary 
roots. These may later branch to produce 
still more roots. As the stem develops, it 
begins to produce leaves and, at a later 
Stage in seedling development, it produces 
stem branches, 

We observed that, in certain cases, the 
cotyledons are lifted above the surface of 
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the soil by the growth of the | 
the hypocotyl. These cotyled 


pper part of 
1S May per- 


sist for several days or even weeks. As the 
food stores they contain are used up, they 
begin to shrink. Finally, the cotyledons 
drop off of the seedling. 

In some plants, the cotyledons contain 
chlorophyll and manufacture food. How- 
ever, since cotyledons are | and short- 
lived, the total quantity of food they make 
is probably not very import o a plant. 
As for the cotyledons, st those of 
peas, that never rise above surface of 
the soil, they obviously can: ianufacture 
food, since exposure to sun! cht is neces- 
sary for photosynthesis. Th ay contain 
chlorophyll, however. 

The rate of seed germination varies 
greatly in seeds of different plant species. 
Under especially favorable conditions, rad- 
ish seeds may put forth prir roots with- 
in 36 hours. Corn grains usually require 72 
to 96 hours. It may take sec f other spe- 
cies weeks or even mont! germinate. 
These differences are due | irious fac- 
tors, such as seed-coat thickness and struc- 
ture. Variations in rates of sermination 
also involve variations in the plants’ rates 
of digestion, respiration, cell ision, and 
cell enlargement. 

ENEMY ATTACKS 
Insects and parasitic bacteria and fungi 


inhabiting the soil may attack seeds and 
retard or actually prevent their germina- 
tion. Certain fungi groups are particularly 
dangerous to seeds at the germination 
stage. They attack seedling stems at the soil 
line, weakening them so that they fall over 
and cause the death of stem tissues. These 
fungi attacks bring about what plant pathol- 
ogists (specialists in plant diseases) call 
“damping-off” diseases. 

To prevent these and other diseases 
involving seedlings, seeds are often treated 
with a fungicidal, or “fungus-killing,” pow- 
der. The powder adheres to the seed coat 
and destroys any fungus spores coming in 
contact with the coat after the seeds have 
been planted. Various liquid sprays are also 
used for this purpose and are quite effec- 
tive as well. 


PLANT ADAPTATION 


Like a human being or an animal, a 


plant must adapt to its environment in order 
to survive. Survival usually means struggle. 
It may be hard to think of a plant as “strug- 
gling,” yet that is often the case. 


A plant, first, must compete with other 
plants for light, air, soil, and water. Second, 
it must contend with people and animals, 
who may eat it or make the environment 
unfit for it to live in. Third, the physical 
environment itself may be hostile or inade- 
quate to a plant’s needs. Is there enough 
light, water, air, and soil? Is it warm or 
cool enough for a given plant species? 


NEEDED FOR SURVIVAL 


Light is vital to a plant, especially a 
green one. Green plants manufacture food- 
stuffs in sunlight—a process known as pho- 
tosynthesis. Light also affects the rate of 
water absorption and flower formation. 

Temperature must also be taken into 
account. If it falls below 1° Celsius or rises 
above 43° Celsius, serious injury or death 
results for most vegetation. Temperature 
also directly influences the formation of 
seeds and the production of blossoms. It 
also helps determine the geographic distri- 
bution of plants. 

Plants cannot survive without water. 
Many need immense quantities for their 
development. Therefore, the humidity of 
the atmosphere, the amount of precipita- 
tion, and the presence of streams, lakes, 
and soil moisture are important to plants. 

Most plants need plenty of air. The 
atmosphere contains gases that are essen- 
tial to their life: oxygen, carbon dioxide, 
water vapor, and nitrogen. 

Not only the air itself, but its move- 
ment—the wind—affects plants greatly. 
Wind spreads pollen, spores, and certain 
Seeds, enabling plants to grow in many 
places. But a powerful wind may distort or 
even kill vegetation, particularly trees. It 
may blow away needed soil. Also, wind 
increases the rate of evaporation and so 
may create a water shortage for plants. 


A tropical rain forest. Here, plants that have adapt- 
ed to crowded conditions are successful. 


Soil is extremely important to land 
plants. A plant’s development depends in 
large part on the nature of the soil: its wet- 
ness, acidity, minerals, and the amount of 
oxygen it contains. 

A plant is also influenced by other liv- 
ing things with which it competes. It has to 
withstand parasites, hungry birds, and graz- 
ing or gnawing mammals. Yet a plant often 
needs animals—for example, to spread its 
pollen or scatter its seeds. 


GETTING LIGHT AND AIR 


The stems and leaves of trees and 
shrubs show us some of the adaptations 
that enable a plant to get the maximum 
amount of light and air. 

In such trees as beech, elm, oak, apple, 
and chestnut, there may be shoots that are 
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primarily vertical while others are primarily 
horizontal. To secure a maximum amount 
of sunlight, the leaves on the vertical shoots 
are arranged in spirals so that any given leaf 
does not shade the leaf next below it on the 
shoot. Though the buds on a horizontal 
shoot of these trees may be arranged spiral- 
ly, the leaves commonly arrange them- 
selves alternately in a common plane on 
either side of the shoot. 

In many trees that have their leaves 
placed opposite to each other, each pair 
occupies the space between the pair 
immediately below. You can see this by 
looking down ona shoot of the horse chest- 
nut. Similar very perfect arrangements will 
be noted in many climbers. The arrange- 
ment of the leaves in the horse chestnut, 
when examined at the end of a shoot and 
Vertically, has been termed a leaf mosaic, 
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Wild-ros nd bramble 
(right) ow adapta- 
tions bott iefense and 
climbing 
because of the variegated n that the 
leaves of this tree present ther com- 
mon device for a similar ose is the 
fringelike dividing of the leaf. The can 
plant has this type of leaf 1 a leaf ob- 
tains good sunlight but does not shade to a 


great extent the leaves below it. Moreover, 
it is in less danger from strong winds. 


WHERE LIGHT IS LITTLE 


There are numerous plants that live in 
environments where light never penetrates. 
Many of these plants are fungi. They hai 
no chlorophyll, but subsist on organic m 
ter, produced by animals or other plan d 
that may be found wherever the fungi fou 
ish. Rains washing into the nad 
nooks and crannies may be one of t y 
agents responsible for getting organic ma 
ter into these places. 


In caves and underground mines, or in 


pits and wells, where there is a certain 
amount of light penetration—even if very lit- 
tle—we find that the plants are principally 
green. | ly is this so, but the green 
colorin xetation in caves is often lux- 
uriantly liant. In fact, it may appear 
even m ivid than that of a plant in the 


open a his is true of liverworts, many 
] some of the ferns that flourish 


mosse 
abunc in these situations. In such 
cases hlorophyll granules are de- 
velopec . very special way. The light 
falling plant cells is concentrated on 
the chi Jll granules themselves, which 
thus re a sufficient supply for food- 
makir 

Pla lso receive a minimum of light 
in the hs of the sea or at the bottom of 


lakes ools, since sunlight is weak or 
. The light under water dimin- 
sortion to the depth. It is also 
enced by the amount of sedi- 
I ion and consequently var- 
nd after storms and at different 
om the mouths of rivers and 


streams 

Complete darkness reigns at depths 
greater than 200 meters below the surface 
of clear water. At a depth of 170 me- 


illumination is about equal to that 
e of the water during moon- 
ler such conditions, plants pos- 
hlorophyll cannot manufacture the 
linarily formed by green plants in 
his explains why plants possess- 
loring matter are rarely seen at 


meters of the surface. 

In the process of photosynthesis, the 
leaves of plants do not absorb all the colors 
of tue spectrum to the same degree. The 
Ted, orange, and yellow rays of light that 
Teach the leaves are absorbed much more 
effectively than the rest. In deep marine 
water, vegetation receives more blue to 
green light than it does red to yellow. This 
is another reason why conditions are partic- 
ularly unfavorable for plant growth at con- 
Siderable depths below the surface of the sea. 


Cornelia Clarke 


U.S. Forest Service 


The leaves of the carrot (top) and the beech (bot- 
tom) show adaptations for different life styles. 
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A striking adaptatic 
algae. These plants co 
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enoids and phycoeryt! 
are present in conside 
give the red algae their 
They also absorb blue 
light more than does cl 
pected that after the 
transmit the energy frc 
rophyll, for photosynthe 

In tropical forest 
often so profuse that 
reach the ground. In ti 
climates there are a gr 
plants —such as Spani 
Staghorn fern — that gro 

The epiphytes grc 
trees and on poles. The 
ed in air and they abso 
es from the humid atm« 
epiphytes are not direct 
contain chlorophyll and 
their own food. Howe\ 
trees by their sheer wei; 
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The liana is a vine with a woody stem, 


which < les the trunk of a tree as it 
climbs t highest branches. In this way, 
though ‘ie liana is rooted in the soil, it can 
reach the sunlight. 

WHERE LIGHT IS STRONG 


turn our attention to the flora 
tne rocky slopes just above the 
a, but still exposed to spray in 
er, we might expect to find— 
« we are in the presence of direct 
vat the plant life would show 


certain =daptations to the intense light. 
These ial features control the rate of 
photos esis, which is directly affected 
by the i sity of the sunlight falling on the 
leaf. 

lhe foliage of plants living in strong 
sunligh en covered with either a waxy 
coat or hairs. 

Pi hiles is the name applied to 
plants whose growth is favored by strong 
sunlight ese include such types as sun- 


flowers. rosinweeds, coneflowers, asters, 


milkwee spurges, and legumes. Many 
grasses such as buffalo grass, big bluestem, 
and Indi ass are also photophiles. 


ıt are better adapted to shady 
iown as photophobes. They have 
atures that tend to enhance the 
of sunlight by the plant. Fre- 
ese plants have thin, broad leaves 
a, or small openings, on both 
The leaf surfaces are dull, and 
any waxy covering or hairs. The 
es grow best in light that is from 
about 15 to 25 per cent as intense as full 
Sunlight. Such plants as mosses, liverworts, 
lady’s-slippers, wood sorrel, hydrophyl- 
lums, figworts, and geraniums thrive in the 
shade of the forest. 


LENGTH OF DAY 


_ In addition to light intensity, the dura- 
tion of light plays a role in the distribution 
and reproduction of plants. The summer 
days are long in the temperate climates of 
the northern and southern hemispheres. 
Here the so-called long-day plants flourish, 
for they will flower only after many days 
with long hours of sunshine. These species 


include beets, lettuce, clover, radish, hen- 
bane, and cereals. 

Short-day plants occur in regions of 
the world where the day rarely exceeds 13 
hours. Plants such as coleus, aster, dahlia, 
cosmos, and chrysanthemum bloom several 
times during the year. 

Certain other plants, such as dande- 
lion, tomato, buckwheat, cotton, and sun- 
flower, grow regardless of the duration of 
sunlight. They will flower in any region of 
the world, providing other conditions are 
favorable to their growth. 


ADAPTING TO WIND AND COLD 


At high mountain elevations and at 
exposed positions along sea cliffs, trees will 
show marked distortions because of the 
strong prevalent winds. Often the trees are 
bent and twisted. The foliage may grow 
only on the leeward side of the tree. In gen- 
eral, only pine trees, scrub oaks, and some 
shrubs are able to withstand such condi- 
tions. 

Winds also produce certain physiologi- 
cal effects, since they increase the rate of 
transpiration. Plants must balance the wa- 
ter that is evaporated from the leaf surfaces 
with water absorbed through the roots. If 
transpiration exceeds absorption, the plant 
will die. The narrow surface of the pine 
needle loses water less rapidly than does 
the broad surface of other plant leaves. 
That is why pines often predominate in 
mountain areas where the wind is strong. 

Winds may influence the distribution 
of plants, for they affect the nature of the 
soil. High winds cause shifting of the soil, 
thereby preventing the growth of many 
plants with shallow root systems. Only pe- 
rennials with deeply branched roots and 
special features can grow successfully 
in this type of light, wind-shifted soil. Per- 
haps an exception to this rule is the sage- 
brush. This plant has a shallow root system, 
which weakens as the plant is about to pro- 
duce seeds. The winds may then uproot 
the sagebrush, which will roll along, shed- 
ding its seeds as it goes. 

Plants exposed to cold or dry condi- 
tions may be found on high mountain peaks 
or in polar regions. They may take the form 
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The abundance of vegeta- 
tion in this delta is due to 
high moisture and very rich 
soils. Plants have adapted 
to tidal fluctuations, wave 
actions, and temperature 
changes. 


of cushions, mats, or rosettes. An example 
of such a plant is the lichen. Actually li- 
chens are composed of two plants, an alga 
and a fungus. The green alga furnishes food 
for the fungus and the fungus provides shel- 
ter for the alga. Without the algal compo- 
nents that give the lichen its green color, 
the plant would not survive. 

Lichens are widespread and hardy. 
They can cover rocks, trees, and boards 
that are exposed to sun and wind. The 
peculiar relationship of the two com- 
ponents of the plant makes lichens rela- 
tively independent of their environment. 


WATER PLANTS 


Plants such as water lilies and sedges 
that live in an aquatic region are known as 
hydrophytes. This name comes from the 
two Greek words meaning “water plants.” 

The soil at the bottom of a stream or 
pond is, in general, muddy and poorly ven- 
tilated. Hydrophytes frequently show many 
adaptations that aid in the passage and stor- 
age of air within the plant tissues. The 
stems of the water lily are usually hollow 
and connect directly with the stomatal 
openings of the leaf. 

Some aquatic plants, such as the water 
crowfoot, have two different types of 
leaves. The submerged leaves are narrow 
and delicate. The leaves exposed to the 
outer air are broad, thus presenting the 
maximum surface area to the rays of the 
sun. Flowers may be present. 

The water crowfoot and the water lily 
are attached to the bottom of'the pond by 
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roots. Certain other aqu: plants float 
freely, both at the surface «nd under the 


water. Duckweed floats on the surface, 
Roots arise from its bro floating leaf 
structure. Hornwort, on t} ver hand, isa 
rootless, completely subm d plant that 
floats freely underwater. In this way it can 
move easily to areas where light, tempera- 
ture, and air conditions are more favorable, 
Many of the lower ints thrive in 
moist environments. Fern erworts, and 
mosses have mobile reproductive cells that 
require a fluid medium for tree sportation. 
Still another interestin idaptation of 
aquatic plants is their carn vorous habits. 
Insects abound in humid regions. Plants 


such as sundew and Venus'’s-flytrap catch 
these insects in their leaves. The leaves of 
the bladderwort, a completely submerged 
aquatic plant, are modified to form tiny trap- 
doors. As aquatic insects brush past the 
bladder-shaped leaves, the trapdoors open. 
The insects cannot escape and are eventu- 
ally digested. ; 
The cypress trees of the bayou regions 
have a special adaptation for transporting 
air to the submerged plant tissues. Root 
projections called pneumatophores, Or 
“knees,” grow above the surface of the 
water. They transmit air from the atmo- 
sphere to the submerged roots. 
Generally, trees found in aquatic areas 
have shallow root systems. Swamp pee 
such as the banyan and mangrove a 
appear to be propped up. This is becaus 
Toots grow from the lower branches dow? 
into the soil. The mangrove trees often 


catch debris in their exposed roots. In this 
way they build up the soil, and other plants 
can £ in it. 
SUCCESSION—FROM LAKE TO 
FOREST 
\n interesting phenomenon of plant 
life i ession. While any plant species 
may uperbly adapted to its environ- 
ment, ‘ere is no guarantee that it will sur- 
vive given location over time. Any 
vegeta is susceptible to change. As the 
envir ent changes, older resident spe- 


cies >placed by other plants with dif- 


feren aptations. Sometimes the driving 
force ind environmental change is the 
effec nts themselves have on their 
habit 


imple of plant succession—the 
proc y which one plant community re- 


place ther at a given site—is the tran- 
sitio! | lake to forest habitat. In a lake 
or ponc, the first plants to appear are un- 
derwa lants. As these aquatic plants die 
and d , the bottom of the pond is built 
up ar water becomes shallower. Thus, 


they are the way for rooted, floating- 


leave ecies to grow. Later these surface 
plants with large leaves, such as water lil- 
ies, exclude the previous underwater forms 
by shading the surface. These plants also 
contribute to a buildup of the bottom until 
other emerging plant types predominate. 
The next plants have roots in the mud and 


Stems that extend above the surface of the 
y include rushes, reeds, cattails, 
,es—close-growing plants that can 
hold organic sediment. Eventually, their 
Toot systems help form dirt beds that will 
be capable of supporting plants that require 
a more substantial root system. 

In this way a body of water is even- 
tually filled in and becomes a field of terres- 
trial vegetation, often as a clearing in the 
forest. But succession does not stop here. 
Plant communities may go through several 
Stages—called seral communities—before 
they reach a stable community. 

Each seral community will include a 
mix of plant species that are best adapted 
to particular conditions at a given time. 
Often, they may alter the environment in 


such a way that their own progeny will not 
survive in it. They may change the soil 
chemistry or cast too much shade for opti- 
mum growth. Other species that are better 
adapted to these new conditions usually 
grow in beneath these older plants. 

At some point the plant community 
may be composed of species that can per- 
petuate themselves under standing condi- 
tions, that is, the plant community will no 
longer undergo major changes. Such a com- 
munity is said to be mature, or a climax 
community. This community may still 
undergo change, but the changes are usu- 
ally relatively small and do not alter the 
overall appearance of the forest. 

Various types of climax formations 
exist. They all represent plant communities 
best suited to certain stable climatic condi- 
tions. A few familiar examples of these for- 
mations are the tundra, the coniferous 
forest, the woodland, the desert sagebrush, 
the grassland, and the tropical rain forest. 


Swamps contain variable amounts of water during 
the year, and the plants must be able to withstand 
dry periods as well as wet periods. 
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The growth of plants on land not pre- 
viously covered with vegetation, such as in 
the above example, is called primary 
succession. Primary succession generally 
takes 200 to 1,000 years; the rate depends 
upon the location. For example, a rain for- 
est can develop on fresh lava in Hawaii in 
400 years, a pine scrub forest can develop 
on bare granite outcrops in Georgia in 700 
years, and a moss-birch-tussock grass tun- 
dra can develop on glacial debris in Alaska 
in 5,000 years. 

Secondary succession occurs in areas 
where preexisting vegetation has been de- 
stroyed by natural or human disturbances, 
such as fire, logging, or cultivation. Since 
some of the original soil remains, and may 
even contain plant propagules (seeds, rhi- 
zomes, and such), secondary successions 
often proceed five to 10 times faster than 
primary successions. For example, aban- 
doned farmland in the Appalachian Moun- 
tains of the United States can reach climax 
forest rapidly—in 150 to 200 years. 

The above cases are examples of direc- 
tional succession, where seral communities 
progress toward climax communities. An- 
other pattern of succession is called cyclic 
succession—a pattern where communities 
reoccur. Cyclic succession can be observed 
where overstory species inhibit the growth 
of any kind of juvenile plants beneath them. 
For example, in desert scrub communities 
in Texas, creosote bushes attract birds and 
rodents that scatter seeds of Christmas tree 
cholla. When the cholla grows beneath the 
creosote, it competes for soil moisture, 
eventually killing the creosote. However, 
the creosote canopy protected the cholla 
from erosive forces, and soon after the 
creosote dies and drops, the cactus plants 
themselves die. When they die, open space 
is available for creosote seedlings to in- 
vade, and the cycle begins again. 

It is clear from the above examples 
that plant succession occurs in environ- 
ments all over the world. Different plants 
are adapted to different conditions, and as 
plants alter the conditions in their local en- 
vironments, new plants invade and the 
character of the community as a whole 
changes over time. 
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ADAPTATIONS OF LOWER PLANTS 

The competition for access to air and 
light does not cease in the sea. Many of the 
brown algae show interesting adaptations 
for buoyancy. The giant \, Macrocystis, 
has a holdfast at its base t secures it toa 


rock. The “branches” `) of the plant 


have many air bladders. Fach bladder sup- 
ports a “leaf,” or blade inaria, or dey- 
il’s apron, has a rootlike fast but no air 
bladders. Depending o Species, the 
yellow, rubbery blade i 2 to 30 centi- 
meters wide. Since it is b t floats easily. 

The free-floating s: ım has a blad- 
der at the base of each This marine 
alga is transported by o currents from 
many coasts to the Sa o Sea, which 
extends from the W ndies to the 
Azores. 

Rockweed, or Fu is commonly 
seen along many seac Fhis plant is 
short and is attached to ı by means ofa 
holdfast. The blade cont ir bladders. 

None of the brow ae have any 
structure resembling ti em of higher 
plants. This tissue, whi unctions as a 
water-conducting and supporting element, 


gae, Buoyed up 
he water they 
n surrounding 
wth rings and 


is not needed by brown 
by the sea, they obtain : 
need directly from the « 
them. Some kelps have 


sieve tube cells resembling those of phloem 
(food-conducting tissue). A b 
Since the algae are in an aquatic envi- 


ronment, they may reproduce by shedding 
their gametes (reproductive cells) into the 
water. The gametes are mobile and propel 
themselves by means of whiplike flagella. 
A great variety of adaptations exists 
among other lower plants. Microscopic liv- 
ing things such as bacteria, blue-green algae, 
and some fungi exist in every possible envi- 
ronment on earth. ee 
The sulfur-purple bacteria live in sul "i 
rous hot springs. They thrive in an ain 
sphere completely lacking in oxygen. is 
addition, they carry on photosynthes 
without the aid of ordinary chlorophy i 
They use the hydrogen-sulfide gas presé s 
in the mud as a source of energy, much # 
higher plants use water to make sugars. 
Other bacteria, such as Bacillus més 


atheri, can form spores when placed in an 
unfavorable environment. The spores can 
withsta any hardships: temperatures as 
high as 190° Celsius; periods of drought 
lasting several decades; the action of disin- 
fectin cals. They will sprout and 
produ 1e parent body when conditions 
become more favorable. 

Preumococcus is a parasitic bacterium 
that c pneumonia, When it enters the 
huma ly, it secretes a jelly-like capsule 
about its The person’s natural defenses 
(antil and phagocytes) are thus unable 
to att he pneumococcus. Some bacteria 
posse gella, which they use to propel 
thems away from danger. Vibrio 
comn n example. 

ng the simplest plants are the 
blue-s | algae. Their chlorophyll is not 
found i astids, or bundles, but is scat- 
tered ughout the entire cell. They will 
frequ attach themselves to rocks or 
plant ne types secrete jelly and float 
freely 1 water. 

T ngi and some bacteria lack chlo- 
rophy hey cannot manufacture their 
own fc For this reason many of them are 
paras The slime molds, when examined 
under ind lens, appear to be long, en- 
twined threads. This network, called a 
mycelium, is the body of the fungus. As it 
spreads over the host it absorbs nutrients 
through the threadlike structures. 

In general all fungi are delicate; their 
cell walls are thin and very susceptible to 
dryi These plants never grow in a dry 


nment. 
TOO WET OR TOO DRY 


It is necessary for a plant to provide 
Some means for promoting transpiration in 
cases where there is excessive moisture, 
and of checking transpiration in conditions 
of extreme dryness. 

To bring about effective transpiration, 
the plant is provided witha large number of 
cells whose surfaces come in contact with 
the outer air. These cells are so constructed 
that they can “exhale” water. In these 
plants, too, there is always a considerable 
development of green, spongy tissue. Air 
Can penetrate readily through the leaves. 


Grant Heilman 


The water lily lives in ponds. Its broad leaves give 
off a great deal of moisture to the air—an adapta- 
tion to an aquatic habitat. 


An increase in the amount of transpi- 
ration that takes place is brought about by 
an increase of leaf surface. In some water 
plants whose stems and stalks are in the 
water and whose leaves float on the sur- 
face, the area of the leaf is a very large one; 
the leaves of the giant water lily, Victoria 
regia, may be two meters across. The 
whole surface of a pond may be covered 
with floating leaves, arranged in such a 
manner that the entire upper surface is 
exposed to sunlight. The under surface is 
colored a violet tint by a pigment called 
anthocyanin. According to certain physiol- 
ogists, this pigment converts some of the 
sun’s light rays into heat rays and as a con- 
sequence causes the leaves of the plant to 
be warmed. 

For the sake of contrast, let us con- 
sider plants that have to sustain life under 
conditions of extreme dryness and which 
consequently are called xerophytes—a 
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Some plants have adapted to 
life in an arid environment. 
Palms (right) hold moisture 
well. An oasis (far right) can 
support a large amount of 
desert vegetation. 


name derived from two Greek words mean- 
ing “dry plants.” 

Xerophytes grow in extremely dry soils 
in regions that are rainless during long peri- 
ods. No doubt the first plants in the world 
were aquatic; we must therefore consider 
the xerophytes as highly evolved types, 
showing remakable adaptations to their 
environment. 

One group of xerophytes, the ephem- 
erals, live and reproduce only during the 
short wet season (a few weeks) and then 
die, leaving drought-resisting seeds that will 
sprout in the next rainy spell. Another 
group survives on little water, growing 
scantily or as dwarfed forms. Still a third 
group, such as many lichens, algae, mosses, 
and desert bushes, can literally withstand 
being dried out. They seem dead until mois- 
ture returns, when they revive and repro- 
duce. The last, and most impressive, group is 
that of the water-conserving xerophytes, 
such as cacti, aloes, stonecrops, and Aus- 
tralian bottle trees. These store water in 
swollen tissues; because of this “juicy” 
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1 ™ 
condition, such plants are red to as 
succulents. k 
The succulents, in orde ave their 


water supply, must transpire slowly. The 


epidermis, or outer skin, is very thick. Even 
if it dries up, it has the power of revival 
when moisture comes. It is not only in the 


leaves, however, that drought-withstanding 
plants show special adaptations. The other 
body parts show them as well 

The stems of many xerophytes ate 
peculiarly formed, being immensely thick in 
proportion to their length, at least when 
compared with ordinary land plants. These 
stems can hold a large quantity of water. In 
certain cases xerophytic plants consist o! 
practically nothing but stems. This is true, 
for example. in cacti. Obviously, this reduces 
the transpiration surface to a minimum. 

Even when a xerophyte has well-de- 
veloped leaves, we find that they are sO ar- 
ranged as to be exposed to heat and light as 
little as possible. Certain xerophytes 
have no leaves at all. The whole stem 
is green and performs the work that 15 


FAO photo by G, Tortoli 


allotted he leaves of most other plants. 
The cas offers a particularly good exam- 
ple of { ype of development. The leaves 
of thi int have been transformed into 
formidable spines. The process of photo- 
synthe nust therefore be carried on by 
the stem, which is fully equal to this task. 


ADAPTATIONS OF CACTI 


The cactus runs counter to our ideas of 
what the parts of a plant should be like. We 
generally think of any large plant as having 
a somewhat brownish stem and a certain 
number of green leaves. The opposite is 
true of the cactus. 

The stem is green and usually bears no 
leaves that could be recognized as such. 
Instead, it has brownish or grayish spines, 
which are, in many species, really modified 
leaves. The function of these modified 
leaves is to protect the green stem from in- 
jury—a most important task, indeed, since 
the stem is the producer of the organic sub- 
Stances that we normally would expect the 
leaf to manufacture. 


Arabian American Oil Company 


Many of the protective spines grow to 
great length. They are so strong as to make 
extremely formidable weapons of defense 
against animals that might otherwise be 
tempted to feed on the stems, which are 
frequently the only green foodstuffs in the 
region. 

The spines differ greatly in shape and 
in character, and it occasionally happens 
that the same species of cactus carries upon 
it spines of different kinds and sizes. The 
spines are borne on enlarged, cushionlike 
areoles. In the prickly pear, these areoles 
are spirally arranged. They bear numerous 
very fine, barbed bristles, called glochidia, 
which are often more troublesome than the 
spines. 

Where spines are not present on cacti, 
other protective devices are provided. The 
outer covering of the plant may be exceed- 
ingly tough; poisonous substances may be 
present, as in Lophophora; the plants may 
be protectively colored and quite incon- 
spicuous. 

It is interesting to note that certain cac- 
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tuslike adaptations are also found in vari- 
ous African euphorbias and stapelias, which 
are not related to the cacti but which grow 
under quite similar conditions. 

The stems of cacti offer about as great 
a variety as the spines. They may be wood- 
ed, branched, and treelike. More often, 
however, they are elongated, fleshy, and 
green. The formations of the latter de- 
scription may be globular, unbranched, 
branched near the ground as in the case 
of the organpipe cactus, or branched 
higher up, as in some of the prickly pears 
and the Christmas cactus. The stems may 
be flattened, or they may be ridged and 
grooved. The flowers of cacti are large, 
showy, and brilliantly colored. In the 
night-blooming cereus (Hylocereus un- 
datus), the blossoms may be as much as 
30 centimeters in length. 

All in all, cacti present a most striking 
appearance in their countless variations. 
For this reason, as well as for their hardi- 
ness, they are widely cultivated in orna- 
mental gardens and in homes. In fact, a 
number of rare, handsome species of cactus 
are so sought after in their natural environ- 
ment that they are in danger of extinction 
and have to be protected. 
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VEGETABLES 


What do the leaf of a spinach plant, the 
stem ın asparagus, the root of a turnip, 
the floret of a broccoli plant, and the fruit 
of a cucumber plant have in common? They 
are all vegetables. To botanists, all plants 
are vegetables. But in common use the 
term “vegetable” refers to a plant or 
plant part that is eaten during the main 


part of a meal, before dessert. 
WHAT VEGETABLES ARE 


In some plants—beets and carrots, for 
example—the edible part is the root; in 
some, such as asparagus, the stem; in 
others, including spinach and lettuce, the 
leaves; and in still others, such as the 
onion, the bulb. In yet another group— 
broccoli and other cauliflowerlike plants — 
it is the flowers that are eaten as vegetables. 
And finally there are a large number of 
plants in which the fruit is known and eaten 
as a vegetable. Included in this group are 
green beans, lima beans, sweet corn, Cu- 
cumbers, tomatoes, and squash. The part 
of the potato plant that is eaten is the tu- 


ber—a much-enlarged, fleshy part of the 
stem that grows underground. Some au- 
thorities consider tree crops such as avoca- 
do and bread-fruit to be vegetables. The 
culinary herbs and edible mushrooms are 
also usually considered vegetables. 
Vegetables are often cooked before 
being eaten, but not always. Tomatoes, 
carrots, and celery, for example, may be 
eaten raw or cooked, and cucumbers and 
lettuce are usually eaten raw. Vegetables 
do not have to be milled or otherwise pro- 
cessed before being eaten. To the home 
vegetable gardener this means that his 
produce can go quickly from the vegetable 
patch to the dining table—with a brief stop 
for rinsing off and for cooking, if necessary. 


WHY WE NEED VEGETABLES 


Vegetables are a good-tasting and 
attractive-looking part of our daily meals. 
In addition, they are an important source 
of vitamins and minerals, and they provide 
bulk, which aids in digestion. 

All vegetables contain vitamin C. The 
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best sources of this vitamin are potatoes, 
sweet potatoes, tomatoes, cauliflower, cab- 
bage, brussels sprouts, peppers, turnips, 
and broccoli. Raw vegetables contain a 
better supply of vitamin C than cooked 
ones do, because some of the vitamin is 
lost during cooking. Fresh vegetables — 
even when cooked—contain more vitamin 
C than frozen or canned ones. 

The B vitamins, with the exception of 
vitamin B,,, are present in significant 
amounts in vegetables. Dried beans and 
peas contain thiamine, or vitamin B,. Dark 
green leafy vegetables are good sources of 
folic acid and of riboflavin, or vitamin B,. 
Another B vitamin, niacin, is present in as- 
paragus, collards, sweet corn, mushrooms, 
peas, and lima beans, 

Vitamin E is present in all green vege- 
tables, and vitamin K is supplied by green 
leafy vegetables, tomatoes, and cauliflower. 

Vegetables are also a source of min- 
erals. During the growing process they ex- 
tract certain trace minerals from the soil 
and then in turn pass these minerals on to 
the consumer. The most important min- 
erals contained in vegetables are cal- 
cium, phosphorus, iron, and potassium. 
The potassium content is highest in the 


Not all vegetables come from the farm. Small 
home gardens can produce vegetables like these 


tomatoes. Home gardens are becoming increasing- 
ly popular. 


yellow vegetables, wher calcium is 
present in collards, í rd greens, 
kale, dandelion greens, anc ccoli. 


VEGETABLES AND CLIMA 


Climate is the most ir nt factor in 


growing vegetables. Ind only those 
regions of the world th ve at least 
three to four months a ye: varm, sunny 
days and moderate rain! in support 
vegetable production. 

Vegetables are freque ouped into 
cool-season and warm-sc crops. The 
cool-season vegetables ar wn where 
the temperature average: veen 15.5° 
and 18° Celsius, and | irm-season 
vegetables are grown w e average 
temperature is 18° Ce yr higher. 

Cool-season crops e lettuce, 
spinach, cabbage, caulifli broccoli, 
asparagus, artichokes, pea ots, white 
potatoes, onions, celery, , and rad- 
ishes. In all of the cool-s¢ vegetables 
with the exception of pea: part of the 
plant that is eaten is the ative part. 
Vegetative parts are tho ‘tions that 
have to do with the plant owth func- 
tions rather than with it productive 
functions. Roots, stems, leaves are 


vegetative parts. 


In all warm-season cr except the 


sweet potato, it is the reproc uctive part of 
the plant—the fruit or seed — that is eaten. 
Warm-season crops include snap beans, 
lima beans, sweet corn, tomatoes, cucum- 
bers, peppers, squash, eggplant, okra, and 


sweet potatoes. 

When cool-season crops are stored, 
they should be kept at or near 0° Celsius. 
Warm-season crops should be stored at 
slightly above 10° Celsius. 


VEGETABLE GROWING 


Before seeds are planted, the farmer 
must prepare the soil. The first step "M 
preparing the soil is plowing. The farmer 
drives the plow back and forth across the 
fields, turning up the soil at the surface. 

The next step is harrowing. In this 
process the farmer uses an implement 
called a harrow, which is equipped with 


disks designed to break up the 
ks of soil left behind by the plow. 


fi ırrowing is usually followed by a 
secon that makes the soil powdery. 
oil is now ready for the planting 
of ses ilso known as seeding. On com- 
merci rms it is done with a special ma- 
chin | a seeder, which is attached to 
a tr The seeds are planted in even 
rows jatever depth is suited to the 
part rop. 
er is added to the soil at the 
time wing, harrowing, or seeding, de- 
pendi ı the crop. Fertilizer enriches 
the h chemicals and makes it yield 
a lar ilthier crop. 
the crop begins to sprout, the 
farmi ntinues tilling, or cultivating the 
soil | the plants. This process pre- 
vents ls from growing and helps keep 
moi in the soil. The moisture is re- 
tain wuse constant tilling creates 
a du ch, or protective covering, that 
bloc poration. 
arvest time comes, the farmer 
may and laborers known as pickers 
to h t certain crops. It takes special 
skill ‘ick lettuce, for example, which 
has ví ender leaves, and to harvest pea 
and plants, on which the pods ripen 
at different times. Mechanical harvesters 
are continually being improved, but they 
are stil! more often used to harvest crops 
destined for canning than for those that 
are sen h to market. 
THE HOME VEGETABLE GARDEN 


But what about a simple backyard 
vegetable garden? Or, for that matter, 
even a tiny window-box garden in the city? 
You do not need a great deal of space to 
raise vegetables. More and more people, 
wanting to be more nearly self-sufficient, 
and concerned about rising prices and the 
use of chemical pesticides in commer- 
cial vegetable growing, have begun to 
realize that their small backyards can be 
used for vegetable growing. 

A good first step is to consult your 
State department of agriculture to learn 
what crops grow best in your area, and 
what the usual planting and harvesting 
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A wide variety of vegetables—available in many 
markets—give color and interest to a meal while 
providing important vitamins and minerals. 


dates are. Then decide whether you are 
going to make your garden an “organic” 
one. The term “organic” refers to the use 
of fertilizers and pest killers made from 
natural substances. 

If you opt for an organic garden, you 
must prepare a compost heap even before 
starting the garden. Compost is decaying 
natural material that is used as fertilizer. 
First lay down a layer of kitchen garbage, 
which should contain eggshells, orange 
rinds, coffee grounds, and the like, but no 
greasy meat scraps. A layer of refuse —such 
things as vacuum-cleaner sweepings, saw- 
dust, ashes, hair clippings, and bits of 
paper—can also be used. A layer of manure 
can be added, but manure is not available 
to most home gardeners and is not es- 
sential. Over this place a layer of grass 
clippings, and, at the very top, a layer of 
old leaves. The natural decay process pre- 
vents the growth of harmful bacteria and 
will eventually furnish a natural fertilizer. 

Now carefully plan your garden. 
Choose a sunny place, marking off an 


VEGETABLES 


147 


Jenny Tesar 


Different parts of some plants are eaten as veg- 
etables. In the rhubarb it is a part of the leaf. 


area at least 3 by 3.5 meters. Test the soil 
and see that it has a moist, crumbly con- 
sistency. Then it is time to go to work. 

First turn over the soil with a shovel or 
a garden fork. This is the equivalent of 
plowing on a commercial farm. If you find 
any roots or stones, dig them out. If the 
turning of the soil has left big chunks of 
soil, break them up with the garden fork 
or the back of a rake. This procedure is the 
equivalent of harrowing. At this point 
spread some of the well-decayed compost, 
or some commercial fertilizer, over the gar- 
den. Mix it in well with the soil, raking 
back and forth until the soil is smooth. 

Now you are ready to plant—seeds, 
following the instructions on the seed pack- 


After carefully preparing the soil, a home gardener 
plants seeds, taking care to plant the correct num- 
ber at the right soil depth and with an adequate 
amount of spacing. 

USDA 


ets, or any small, immature plants you may 
have bought or raised indoors ‘rom seed, 
In a few weeks, given prope ither con- 
ditions, most plants will start t rout, 

As growing progresses, xew plants 
require much care. They m e thinned 
out, as directed on the packets, 
Small fences should be pı for pea 
plants, poles for beans, a takes for 
tomatoes. If no rain falls fi vhile, the 
garden should be watered th ighly one 
evening a week, or more of epending 
on weather and soil conditior 

The garden should als« kept free 
of weeds. Weeding by hanc ig a sim- 
ple hoe to get at undergrou tems and 
roots, is sufficient. 

Weeds can be kept do nd mois- 
ture held in the soil by coy the earth 
between the plants with a layer of 
straw, old hay, or sawdust covering, 
called a mulch, also keeps th | temper- 
ature steady. 

Insects frequently pos problem, 
An organic gardener will w o remove 
many of them and their lary hand. A 
dusting of ashes and ground tone can 
be used to deter many kin beetles. 
Tin cans with tops and bot removed 
can be pushed into the earth urn away 
cutworms. Some organic ga ers make 
and use a natural insect repellant. They 
blend an onion, several cloy of garlic, 
and a piece of hot pepper in two or three 
cups of water. Excess water is then drained 
off and the residue applied to the plants 


with a paintbrush or a sprayer. Chemical 
insect repellants are also available 

You will be able to harvest and eat 
your crops all summer long, but by fall 
only a few plants will still be growing: 
After you pick the last of these, don't 
simply forget your garden patch. Bed it 
down for the winter. First pull up all re- 
maining stalks and add them to the com- 
post heap. Then turn the soil over lightly 
and cover the whole garden with a thick 
layer of compost, hay, or leaves. Last, lay 
a few evergreen branches over the garden 
to keep the topping from blowing away: 
In that way you will have a head start om 
next year’s garden. 
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by Lyman Benson 


ll, thick stalk. Something that 


look a mass of organ pipes. A spine- 
cove barrel. A bizarre-looking assem- 
blag prickly arms extending from a 
short «telk. Are these unusual looking in- 
habit of desert regions somehow mis- 
take jature? No. They are plants spe- 
cially ıpted for life under harsh, dry 
cond They are different types of 
cacti nts, 

i i are unusual plants. They often 
have ird shapes. They have unusually 
thic shy stems and are commonly leaf- 
less +y generally stand inconspicuously 
agains ihe desert soil. In spring and sum- 
mer gh, they blossom forth with some 
of the largest and most colorful flowers 
knov the plant world. All these unusual 
featu of cactus plants together make 
then e to survive and multiply in their 
deser vironment. 

WATER NOT HARMFUL 

hough cacti are not necessarily 
desert plants, most are found there or in 
adjacent dry regions. Their spread beyond 
the dev areas is limited mainly by competi- 
tion (om those other plants that do well 
where there is more water. Contrary to 
common belief, water does not injure cacti, 


unless it stands around the roots and makes 
the soil soggy. Nearly all species require 
good drainage, though a few cacti occur 
even in areas such as the Florida Ever- 
glades where the water table is close to the 
surface of the soil. 

Each group of plants tends to live 
where it has an advantage. The special 
body form of a cactus adapts it to areas of 
high light intensity and low moisture or high 
evaporation rate. On local sandy areas or 
rocky outcrops, where competing species 
are at a disadvantage, cacti can occur In a 
variety of regions, including forests. Some 
species even grow in mountainous areas at 
elevations of more than 3,000 meters. 


A LARGE FAMILY 


The cactus family, Cactaceae, is very 
large, made up of perhaps 2,000 or more 
species. The plant’s natural habitat is al- 
most entirely limited to the New World, 
and it may have been completely so dur- 
ing pre-Columbian times. This indicates 
that the family developed during the last 
135,000,000 years, since the continents of 
the Old and New World are believed to 
have separated about that time. 


The giant saguaro cactus provides homes for 
desert birds and other animals. 


Porterfield-Chickoring/PR 
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Left: Mammillaria elongata, the golden star cactus. Right: / 
ostigma, bishop's cap cactus. Some are in bloom. 


In the New World, cacti can be found 
from northern British Columbia, Canada, 
eastward to Ontario, Canada, and south- 
ward through most of the states of the 
United States, through Mexico and Central 
America, and on through South America. 

The few cacti in the Old World belong 
to a highly specialized genus, Rhipsalis. All 
or nearly all these species are identical to 
species occurring in Central and South 
America. The presence of Rhipsalis in the 
Old World may be due to relatively recent 
natural long-distance dispersal of the seeds 
by birds, or of whole plants attached to drift- 
ing tree trunks. More likely, though, the 
spread of these cacti can be attributed to 
dispersal by sea captains and explorers who 
took the plants to gardens in Europe and 
elsewhere soon after the first vessels trav- 
eled to the Americas. 

In some of the warmer parts of Eu- 
rope, Asia, Africa, and Australia, several 
prickly pear cactus species have gone wild, 
and a few species have become pests. The 
climate of many parts of the Old World is 
suitable for cacti and, lacking their normal 
competitors, some introduced species of 
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ytum myri- 
prickly pears have tended tc run large 
tracts of land. 
NO LEAVES 
Deserts are dry places. Li rain falls 
there. What does fall evaporates very 
quickly. For a plant to grow in such an en- 
vironment, it must be able to in water. 
It cannot survive if its moisture es aporates 
into the air. Evaporation occurs from the 
surface, so the more surface area a plant 


has, the greater the area from which water 
can evaporate. Thin structures such as 
leaves present a far greater proportion of 
surface to the surrounding atmosphere than 
do thicker, larger structures. ; 

The following illustrates the relation- 
ship between surface area and volume: a 
cube one centimeter on a side has six sur- 
faces, each of which exposes one square 
centimeter to the outside for a total area of 
six square centimeters. The cube’s volume 
is one cubic centimeter. The ratio of sur- 
face to volume is thus 6: 1. 

A cube two centimeters on a side has 
four square centimeters on each surface- 
24 square centimeters altogether. The vol- 


ight cubic centimeters. Thus the 


ume is € 
ratio is 3:! 

A cube three centimeters on a side has 
an area of nine square centimeters on each 
of its six surfaces—a total surface area of 
54 square centimeters. The volume is 27 
cubic centimeters —a ratio of only 2:1. 


Therefore, to decrease surface area 


and thus evaporation rate, thin structures 
such as leaves must be eliminated or re- 
duced in size. Cacti have done this admir- 
ably: they have no true leaves. 


Cactus plants evolved from plants that 


once h eaves, but in most species the 
leaves h evolved into thin, hard spines 
that le very little surface open to the 
atmosp! The few primitive cacti spe- 
cies th tain ancestral leaves grow in 
warm, moist areas in the tropics. 
SPINES 

Th ines of a cactus grow from en- 
larged hionlike structures called ar- 
eoles. areole is really a bud growing 
from the side of the stem. Usually the 
spines a sharp —and barbed, in many 


species. Spines serve not only to conserve 


water but also to keep animals away. 

Most animals are deterred by the 
spines, but a few eat the plants anyway. 
One day | saw an old bull chewing the 
joints of a teddy bear cactus, or cholla. 
The joints were covered by long, stout, 
strongly barbed spines. A mass of joints 


clung to almost every part of the bull's 
face, but he kept on eating. Apparently the 
spines become encased in a mass of mucus 
in the bull’s intestinal tract and do not harm 
him. I also remember one day during a very 
dry summer in New Mexico seeing wood 
rats working very hard to find an opening 
between the spines of a prickly pear cactus 
so that they could eat and drink from the 
cactus stem. 

Spines serve in a special way to help 
conserve water. Downward-directed spines 
serve as drip-tips. If there is a light rain or 
mist, water accumulates on the spines that 
turn downward and forms drops. Whenever 
a drop becomes large enough, it falls to the 
ground, wetting the soil and being absorbed 
by the roots. This is particularly important 


when the plant is young and its roots are 
concentrated around the base of the plant. 
As a cactus grows, the root system grows. 
The spines serve as water catchers, direct- 
ing water to the roots. 


WIDE SPREADING ROOTS 


As a cactus plant grows, its root sys- 
tem grows into an ever-widening circle. 
Unlike many other flowering plants, the 
mature cactus rarely has a large taproot. In- 
stead, it has a system of numerous small 
roots, most of which grow one to ten centi- 
meters beneath the surface. The roots 
spread widely in all directions, forming a 
circle many times larger than the circle 
bounding the area of the plant above 
ground, In some cacti, the roots spread 15 
to 20 meters in all directions from the stem. 

The roots remain receptive to water 
even through long drought periods. The cut 
stem of a cactus or a stem with the roots 
removed will sprout new roots—even if itis 
lying on a shelf or table. If these roots are 
placed in water they, like the ones in the 
soil, immediately absorb the moisture. 
Thus the cactus is ready at all times to blot 
up water, even from a light rain that may 


Left: Coville's barrel cactus, Ferocactus covillei, 
shown in full bloom. Right: rainbow cactus, Echin- 
ocereus rigidissimus. 


George Gerster, Ropho/PR H. F. Flanelees/PR 
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penetrate only four or five centimeters be- 
low the surface. This gives the plant a 
great advantage over its deeper-rooted 
competitors, which can absorb quantities of 
water only when there are heavier rains. If 
the rainfall is greater, the cacti do better. 
But if the rains are light, they can still do 
fairly well—or at least get by. 


PHOTOSYNTHESIS IN THE STEM 


Plants normally carry out photosyn- 
thesis—the manufacture of foods—in the 
leaves. In cacti, the stem takes over this 
function. The raw materials for photosyn- 
thesis are chlorophyll, carbon dioxide, wa- 
ter, and light. Although a cactus stem has a 
relatively limited surface exposed to light, it 
is able to form adequate amounts of sugars. 
This is possible partly because of a special 
process occurring in the plants. 

Stomata, or pores, on the cactus stem 
open only at night, when the air is cooler 
and evaporation is comparatively low. Car- 
bon dioxide from the air enters the stem. It 
is combined into organic acids and stored 


George Holton/PR 
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until daylight. When light is ņ 
carbon dioxide is released, and i 
with water in the presence of chk 
the stem to produce food. 


THE EXQUISITE FLOWERS 


For most of the year, the « 
clings inconspicuously to the 
Then, in spring or summer, it 
soms. Its flowers are among the 
ful and beautiful in the plant wo 

The California barrel cactu 
ple, has yellow, bell-shaped fc 
four centimeters in diameter. | 
form a circle near the top of 
stem. 

The ladyfinger cactus, 
grows close to the ground, has 
dish-purple flowers that are so; 
nine centimeters in diameter 
bloom for several days, openir 
and closing by sundown. 

The creamy white flowers 
saguaro, eight or more centimet 
four centimeters wide, crown 
tall, ribbed stems. Inside the pe 
is a central pistil, surrounded 
3,000 stamens. The flowers 
only one night and then mature 
fruits. 


Left: Brachicereus, a cactus that grow 
Pagos Islands. Right: the teddy bear « 
la whose name is Opuntia bigelowii. 
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The fruits of cacti also vary in size, 
shape, and color. The fruit of the leafy lem- 
on vine is a yellow berry. The fruit of the 
prickly pear is pear-shaped, juicy, and edi- 
ble. It has been a part of the diet of Mexi- 
cans and Indians for centuries and can be 
made into candies, preserves, and syrups. 
The hedgehog cactus gets its name from the 
fact that the fruits are covered with spines. 
It is also known as the strawberry cactus 
because its bright red fruits look like straw- 
berries—and can be eaten the same way 
once the spines are rubbed off. 


ENDANGERED SPECIES 


Many species of cacti are rare—some 
because they occur only in limited areas, 
some because they have been extensively 
collected, others because their habitats 
were destroyed by development. Recently, 
illegal collection for resale has stripped for- 
merly beautiful and productive areas of 
even the most common specimens. 

In fact, the cactus family may be the 
most endangered of all major groups of 
plants. About 90 species of the 268 kinds of 
native cacti in the United States alone are 
so rare or restricted in occurrence as to eas- 
ily become extinct. In Mexico some 30 
kinds have become extinct, and more than 
200 species are threatened. 

The best means of saving endangered 
species are preserving their natural habitat 
and passing and enforcing conservation 
laws that prohibit the sale of wild plants. 

It is also possible to remove the seeds 
from cactus plants and cultivate them. This 
has little effect on the native population, 
since most of the seeds are surplus. Nor- 
mally, only a very small number will germi- 
nate naturally, and a still smaller number of 
the new individuals will become established 
as seedlings and grow into mature plants. 


GROWING CACTI IN YOUR HOME 


Their unusual and varied appearance, 
the formidable covering of spines, and the 
beautiful flowers, together with ease of cul- 
tivation, have made cacti favorite house 
and greenhouse plants. And, where the 
Weather is warm enough, people can grow 
these plants outdoors. 


Russ Kinne/PR 


A prickly pear cactus, Opuntia oricola, in full 
bloom. Animals feed on these cacti. 


The danger to cacti is not, as many be- 
lieve, from watering. Rather, it is from poor 
drainage. Nearly all species require good 
drainage. It is important to prevent water 
from standing around the roots and making 
the soil soggy. 

If the plants are grown indoors, the soil 
should be relatively sandy so that the pots 
will drain quickly after watering. If they are 
to be grown outdoors, the soil should not 
include unusual amounts of sand, because it 
will dry faster outdoors. 

Pots used outdoors should be larger 
than those used indoors. For example, 13- 
centimeter pots are about right for most 
small- or average-size cacti outdoors. In- 
doors, where evaporation is relatively 
slow, eight- to 10-centimeter pots should be 
used, because they will drain more quickly. 

If you have a cutting from a large cac- 
tus, leave it in a dry place for ten days or 
two weeks. A layer of callus tissue will 
form just under the cut surface. This tissue 
will prevent or reduce the entry of organ- 
isms that cause rot after planting. After 
callusing over, the cutting may be placed in 
the ground or in a pot with a potting mix- 
ture. 

A number of fine books provide great- 
er details on the cultivation of cacti. In ad- 
dition, there are more than 20 major cactus 
and succulent societies in the world, some 
of which have many branch organizations. 
Interest runs high, and those bitten by the 
“cactus bug” rarely recover. 
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Derek Fell 


Houseplants are either flowering or 
foliage. Above is the exotic hybrid cat- 


tleya, an orchid. 


HOUSEPLANTS 


It’s a living thing that is kept in a house. 
It’s not a dog or a cat or some other kind 
of animal pet. But it gives its owners plea- 
sure as they care for it, and it brings color 
and brightness to the room that it’s in. What 
is it? 

It's a houseplant—a philodendron, a 
corn plant, a Chinese evergreen, or a rub- 
ber plant. It’s an African violet, a spider 
plant, a grape ivy, or a chrysanthemum. If 
you've decided to paint your thumb green, 
these are the plants to get—they’re the easy 
ones to grow. 


WHERE AND WHAT TO BUY 


Whether you live in a dark basement 
apartment or in a sun-bathed house, there 
are many plants that will add life and color 
to your rooms. In a large city, the best place 
to buy plants is from a shop that sells 
houseplants exclusively. They can help 
you in selecting the right plant for your 
apartment or house. They can also give you 
good advice on how to care for the plant. 
A very good shop will not sell you a plant 
that has a poor chance of surviving in your 
apartment, 

Your next best source is a florist 
shop—“next best” because their main in- 
terest is flowers rather than houseplants. 
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If you live in a small town suburb, 
chances are there’s a nurse lose by. 
You're in luck—here you'll ge highest 
quality plants and at the lowest es. 

When you buy, check the »lant out 
carefully. Avoid scrawny-loc 2» plants 
and those that have yellowing or splotchy 
leaves. Get one with full foliave. If it’s a 
flowering plant, it should have buds. You 
do want to see some flowers soc ; 

Be sure to look at the undersides of the 
leaves for insects or insect damage. Brown 


tips on the fronds of palms, though, are not 
a sign of insects; they are caused by low 
humidity, 

If you feel that you don’t have a green 
thumb, it’s hard to go wrong with a corn 
plant, Dracaena massangeana. In addition 
to D. massangeana, there are two other 
€asy-to-grow Dracaenas. One is D. ma 
ginata; the other is D. warnecki. None 0 
the three resembles the others. T hey do not 
need much light and thrive with minimum 
care. You water the massangeana once a 
week, the marginata twice. 


FOUR LIGHT EXPOSURES 


The lighting conditions of your apart- 
ment or house are the most important one 
sideration in selecting the right plant. 


four different exposures—northern, south- 
ern, eastern, and western—are not defined 
by hi ulturists as you might think, by 


the direction a window faces. Rather, each 
is de d in terms of available sunlight. 
A istern exposure, considered the 
best ! ouseplants, receives three to five 
hours norning sunlight. Next best is a 
west xposure—a window receiving 
thre ve hours of afternoon sunlight. 
Thire st is a northern exposure—a 
win hat receives no sunlight. The 
least rable, according to many hor- 
ticult is a southern exposure —a win- 
dow t ceives at least six to eight hours 
of su sach day. 
hat about that dark, damp base- 
men ment? You'll have to use an arti- 
ficial For a group of very small plants, 
an o y 100-watt light bulb will do. 
Your bet, though, will be to get a 
sealed plant light. You can find one at al- 
mos hardware or lighting-fixtures 
store 
d one to use is the 150-watt size, 
place jut 2 to 3Y2 meters from the 
plants. You can also use a 100-watt bulb, 
placed | to 2 meters from the plants, or a 
75-w ilb, placed 2 to 1 meter from the 
plant 
ome houseplants do well in low light. 
These include the philodendron, rubber 
plant, Poston fern, sanseveria, grape ivy, 
maranta (prayer plant), bamboo palm, and 
Kentia palm. Some plants need medium 


light—about | to 2 hours of sunlight. If 
that’s the maximum light available in your 
home, get an African violet, azalea, dieffen- 
bachia, avocado, spider plant, asparagus 
fern, gloxinia, or begonia. 

Some plants—the flowering plants— 
require strong light—about 3 to 5 hours of 
it. They will grow, some may even thrive, 
without hours of light. But they probably 
will not bloom. 

A houseplant is not damaged by lack of 
light, however, or by too much light. They 
are harmed more by improper watering. 


HOW MUCH WATER? 


| Nurserymen often group houseplants 
into three watering classes: 


both photos, Derek Foll 


Top: cacti and succulents make a stunning window 
box. Cascading over the side is a serpent cactus 
Bottom: foliage plants on display: croton, red dra- 
caena, dieffenbachia, and coccoloba. In line with 
the door frame is Dracaena massangeana. 
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1. Wet family. You should water these 
plants when the surface of the soil is dry. 

2. Moist family. Water when the soil is 
dry from 2¥2 centimeters to 72- 10 centi- 
meters into the pot. 


The white calla lily (top) should have direct sun- 
light except at midday, when its light should be in- 
direct. Soil of the African violet (center) should 
always be a little dry. The Aechmea chantini (bot- 
tom) should have plenty of light if you wish it to 
flower. 


(top) Derek Fell; (middle) George Kalmbacher, Brooklyn Botanic 
Gardens; (bottom) Graf photo 
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3. Dry family. The soil should be dry 
completely, to the bottom of the before 
watering. 

This doesn’t seem to help h, for 
how do you tell when the soil ytoa 
depth of 10 centimeters, or to the tom of 
the pot? One way is to use a woo spoon 
or tongue depressor to probe int: pot of 
soil. Another way is to add j nough 
water so that the soil is wet tc pth of 
242 centimeters. Then see how days 
it takes the soil to dry out. If s two 
days, then a 12¥2 centimeter px | take 
ten days to dry out. 

Of course, you can alway e the 
droop test. Wait till the plant w Count 
the number of days since the la ering. 


This establishes the maximu: > be- 
tween waterings. 


There are strong and differi inions 
on watering houseplants. Some le say 
water them heavily once a w in the 
bathtub. Others insist that plant 
should be watered according to urticu- 
lar needs. 

To water hanging plants, it jest to 
take them down first. Some pe water 
hanging plants by putting ice cu on top 
of the soil, while the plant is st nging. 
This is decidedly poor practice. nearly 
all houseplants are tropical pl: ind, if 
anything, should be nurtured wit iter on 
the warm side instead of with ne freez- 
ing water. 

You treat a cactus differently. The soil 
of all cacti should dry out thoroughly before 
rewatering. A cactus can easily do without 


water during the winter months. Cacti usu- 
ally bloom during the summer only if they 
have “dried out” for four months during 
the winter, 

It’s best to water a plant from the top 
of the pot rather than from the bottom, by 
pouring water into its saucer. Two excep- 
tions to this rule are baby tears and African 
Violets. 

What do you do about watering when 
you go on vacation? That depends. If 
you're away one week or less during the 
Summer you can forget about watering alto- 
gether. If you're going away for a longer 
time it will be best to have a friend care for 
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the plar yr, you can buy a wick-type 
device ert into the soil. The other end 
goes int »ntainer of water. 


An suggestion: water the plant 


thoroug! hen pull an air-tight plastic 
bag over pot and fasten the bag around 
the ster t above the soil. The plant will 
not need water for three to four weeks. 
MOISTURE IN THE AIR 

Hig humidity will make almost any 
housepiant, except a cactus, thrive. A good 


way to increase humidity is to fill a large 
tray with gravel to a depth of 5 centimeters. 
Add only enough water so that the water 
line is just below the gravel top. Then place 
your plants on top of the gravel. 

It’s a good idea to spray the foliage of 
your plants at least once a day. The real 
value of doing this is not so much that you 
increase the humidity—the spray usually 
dries up after about 15 minutes—but that 
you keep the leaves free of dust. 

„If your apartment or house is heated 
during the winter, you'll need a humidifier. 
For a reasonably large room, get the nine- 
liter size. The humidifier can bring the hu- 
midity up to the 65-75 per cent range, 
Which is the level that houseplants prefer. 
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all photos, Derek Fell 


(left) requires low light, moist soil, and high humidity. In the 
»dendron selloum, also called the saddle-leaved philodendron. It 
light soil that is barely moist. A Dracaena warnecki (right) will 


To see what the humidity is, you should 
buy a hygrometer. Your best bet is a com- 
bination thermometer/hygrometer, which 
measures both temperature and humidity. 

Lighting, watering, humidity —these 
are the basic factors in plant care. Every 
indoor gardener, though, needs to know 
more —about things such as fertilizers, pest 
control, potting, and propagation. 


FOOD FOR GROWTH 


When do you fertilize a houseplant? 
Which fertilizer do you use? 

About once every two weeks for flow- 
ering plants and once a month for foliage 
plants is fine. Use any indoor houseplant 
fertilizer. It usually comes in liquid, pow- 
der, or pill form. It’s a good idea to use a 
weaker dosage than that prescribed by the 
manufacturer. Too strong a dose may 
“burn” the roots, and even kill the plant. 

Any of the major brand-name fertiliz- 
ers will be satisfactory. Regardless of 
which one you buy, mix the fertilizer with 
water before applying it. 

A word of caution about dried cow 
manure, now available commercially in 
many shops. It is an extremely strong ferti- 
lizer and should be used only sparingly for 
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houseplants. (It is best used for growing hol. Please: touch only the little white balls 
vegetables.) and a pe piant w: d 

e red spider mite is so tiny that you 
MEALY BUGS MITES JANDISCALES probably won't find it without a magnifying 

Even though you inspect your plant at glass. Tan in color, it builds a Il web 
the time you purchase it, you should isolate that gives it away. If the leaves i plant 
the plant as soon as you bring it home. Its begin to yellow with green dots yn the 
foliage should not touch that of any other leaves, you have red spider. The n dots 
plant. If after three weeks no disease ap- are water cells, which the red does 
pears, the plant is safe. not touch. 

The four most common pests of house- Red spider is probably the t pest 
plants are the aphid, mealy bug, red spider of houseplants. It does not | vater. 
mite, and scale. The aphid is a little larger Therefore, the best way to cont 5 with 
than a flea and is usually green, but may a forceful spray of water agains iffect- 
also be gray, black, or red. It will always ed areas. If this doesn’t work, ar ticide 
be found on the plant’s new growth. must be used. 

Aphids can be controlled by washing the Scale, of which there are kinds, 
affected leaves and stems with liquid soap may occur on the stems and es of 
(not detergent). Don’t let the soap get on houseplants. Soft scale has a olor; 
the soil, and be sure to rinse the soap offthe oyster scale is white and elor and 
leaves with clear water. pin scale is dark-colored and sh | like a 

The mealy bug attacks almost every turtle shell. 
kind of plant. It is very easy to spot because Like mealy bugs, scale is cx >d by 
it covers itself with a small white cottonlike washing it with liquid soap. It n nec- 
ball. Mealy bugs can be controlled by swab- essary to wash it two or three tir order 
bing them with a Q-stick dipped into alco- to dislodge the bugs. 

The Zebra plant (left) is easy to care for and will ar n full or 
low sunlight. The Paphiopedilum orchid (center) is € easy to 
grow. It needs an hour of sunlight. Gloxinias (rig veed a 


great deal of indirect light and high humidity 


Derek Feil; left) George Kalmbacher, Brooklyn ek Fell 
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(left) Derek Fell; (middle) Derek Fell; (right) Graf photo 


the most common of all houseplants. The cineraria (center) 
hine and water and a cool room. Flowering and foliage house- 
3 lovely window display, if you don't have a cat. 


jut insecticides: If you must 

afe one. An aerosol insecti- 

tain pyrethrum or rotenone. 
ral compounds derived from 

is. Mums, in fact, are good 
i in the fall to serve as pro- 
ther plants, because insects 
ir odor. 


STIC? 
watering, indoor gardeners 


out pots. As far as the plant is 
couldn’t care less whether 


y pot ora plastic one. As far as 


you are concerned, the main difference will 
show up in the length of the watering cycle. 
The palm you watered once a week in a 
clay pot will need to be watered only once 
every 22 weeks when transplanted to a 
plastic pot. 

It is not true that a clay pot enables a 
plant’s roots “to breathe,” as clay enthusi- 
asts often claim. Air cannot pass through 
clay. Moisture inside the pot, though, does 
pass through the pot and evaporates on the 
outside of the pot. That’s why soil in a clay 
pot dries out faster than soil that is placed 
in a plastic pot. 


actus (Rhipsalidopsis gaertneri) produces bright red drooping 
and May and sometimes in September. Right: cyclamens need 


ishine and a cool room. 
both, Graf photo 
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Terrariums (top left and right) req 
tion. Desert and jungle scenes car 
miniature, Terrariums can be made 
containers. 


RE-POTTING YOUR PLANTS 


It’s time to re-pot when t! 
plant appear outside the pot 
also re-pot a plant every two ye 
or not it needs transplanting 
change the soil. 

Use sterilized potting soi 
available at shops that sell plant 


also buy “enriched” soil as well : 
soils— African violet mix and c: 


for example. 


e A, Elbert 


le atten- 
eated in 
ariety of 


ts of a 
should 
vhether 
rder to 


hich is 
You can 
s special 
tus mix, 


Before re-potting, you have to do three 


things: 


1. Water the plant. You don’t want the 


soil to be too crumbly. 


Crotons (next to top) require 3 to 5 hours of sun- 
light daily to produce their striking foliage. The 
Opuntia cactus (middle) needs lots of sunshine and 
little water. The dieffenbachia (bottom) grows well 


in low light but it is poisonous to pets. 


2. Get a new pot that is slightly larger 


than the otd one. If the new pot is too large, 
all the p! s energy will go into unneces- 
sary root g th. 

a a piece of broken pottery or a 
bottle c: >r the drainage hole of the new 
pot. Thi s the hole from being plugged 
up by the 

To plant, slide the palm of your 
hand ov top of the pot so that the stem 
of the p yes between the second and 
third fin Turn the plant upside down, 
whack t n of the pot against the top of 
a table ull the old pot off. Put the 
plant in nter of its new pot, and with 
you frec pour the new soil around the 
ball of t} i. Tamp the soil down, water 
the plan you're finished. 

NEW P! 5 FROM CUTTINGS 


Mc seplants are not grown from 


seeds. T ire propagated by stem or leaf 
cutting vines, except the philoden- 
dron, c propagated by stem cuttings. 
To take tting from one of your plants, 
use a ra lade to cut straight across the 


stem. | utting should have at least two 
leaves the cutting into a rooting hor- 
mone ar int it in a soil medium. 


The lodendron is propagated by a 


section ing. You need a leaf, a section 
of stem, and a node that contains several air 
roots on the cutting. 


The African violet, rex begonia, and 
Peperomia are propagated by leaf cuttings. 
These are grown in the same manner as 
Stem cuttings. 


THE PLEASURE OF PLANTS 


Well, that’s the gist of it. This article 
has described the basic elements involved 
in the care of houseplants —how and when 
to water them, how to provide proper light- 
ing for their individual needs, what fertiliz- 
ers to use, what to do about plant pests, and 
how to pot and re-pot your plants. : 

As you get more and more deeply into 
this fascinating activity, you will learn more 
and more “tricks of the trade” —and proba- 
bly develop a few of your own, as you find 
out what procedures work best for a partic- 
ular kind of plant. You may want to experi- 


both, Riki H, Kondo 


Is the Dracaena at the top trying to tell us some- 
thing? A closer look at the pot (bottom) tells all: the 


plant needs a bigger pot. 


ment with developing complex and lovely 
indoor gardens, if you have the room for 
them. Terrariums offer the pleasure of 
creating landscapes in miniature, from jun- 
gles to deserts. f 

Whatever you choose to do with 
houseplants, they will add immense joy to 
your living quarters. Just remember the 
basics: water, fertilizer, and light. 
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TREES 


by Thomas Gordon Lawrence 


Walks and rides along city streets 
or secondary roads will give you more 
pleasure if you can identify the trees you 
see. It would probably take years of study 
to know all the species that live in your 
country. Yet you can easily acquaint your- 
self with the main groups of trees. 

Some trees have distinctive features 
that identify them at first glance. If you 
see a tree with acorns, it must be an oak, 
since all oaks bear acorns and no other trees 
do. No other tree has seeds like those of 
the maple. The tulip tree’s leaves are 
unique. In winter, its candlelike clusters of 
seeds proclaim its identity. 

Some trees are harder to identify. You 
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may be sure, for example, that a can 
tree is either a spruce or a fir. But you bc 
have to inspect it carefully to make st 


which one it is. : Il 
Fruits, flowers, and seeds often 1e 
you what a tree is, but only when they are 
actually on the tree or have recently fall 
Leaves are your best guide during most 0 
the year—throughout the year in the can 
of evergreens. Buds, leaf scars (scars i 
on the twig when a leaf falls), bark, and el 
way the trunk and branches grow all be 
to identify a tree. Sometimes you can ma S 
sure what your tree is by feeling the ean 
or twigs, by smelling them, or even by pe 
ing them. A hand lens or a reading glass 


will help 
and buds 
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>n you inspect leaves, twigs, 


MARKS 


ture. Pines and their kin have 
dies or scales. Almost all 
ve flat leaves, usually very 
er to them as broad-leaved, 
heir leaves are broader than 
f pine, spruce, fir, and other 
trees. Some broad-leaved 
willows, have long leaves less 
eters wide. 
is, including most of the pine 
few broad-leaved trees keep 
winter. The name deciduous 
to those whose leaves die 


ives, like those of oaks and 
large vein, called the midrib, 
length of the leaf, with the 
arting from the midrib. Bot- 
ves of this type pinnate, or 
since a feather also has a 
Other leaves, like those of the 
ore, and sweet gum, have three 
veins starting out from one 
base of the leaf. Such leaves 


are called palmate, or palm-veined, because 
the main veins extend from the same gen- 
eral area, somewhat as the fingers do from 
the palm of the hand. 

Oaks, elms, and most other trees have 
simple leaves. A simple leaf has only one 
leaf blade, though this blade may be lobed 
or irregular in shape. Most simple leaves 
consist of a blade and a leafstalk. In some 
cases, however, the blades may grow di- 
rectly from the stem without any leafstalk. 
A bud always forms in the angle between 
the leafstalk and the stem. 

Leaves composed of a number of 
leaflets are called compound leaves. The 
leaves themselves may be quite large, as 
in the case of the honey locust, but the 
leaflets of which each leaf consists are 
usually small. In certain trees the leaflets 
are compound in their turn. We say of such 
a leaf that it is twice-compound. 

Compound leaves may be feather-com- 
pound or palmate-compound. Trees with 
palmate-compound leaves are the horse 
chestnut and its relative, the buckeye. 
Hickory, walnut, ailanthus, locust, sumac, 
and ash have feather-compound leaves. 

Arrangements of leaves. Leaves are 


n be identified by their leaves. Below are some of the more impor- 
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OPPOSITE 


Opposite and alternate arrangement of leaves on 
stems. 


either opposite or alternate in arrangement. 
Opposite leaves grow out in pairs from the 
stem. Alternate leaves grow out along the 
stem one after the other. Maple, horse 
chestnut, buckeye, ash, and catalpa are 
large, broad-leaved trees with Opposite 
leaves. Look at a low branch or a seedling 
of a maple or an ash. You will see that two 
leaves always grow from the same point 
on the stem. Dogwood is a small tree with 
Opposite leaves. Catalpa usually has three 
leaves growing from one node, as we call 
the point where leaves grow from the stem. 

Buds and leaf scars. When a leaf falls, 


it leaves a scar typical of the tre 
longed to. You can recognize n 
in winter by leaf scars and bud 
buds that live through the winter 
buds.” Both leaf scars and buds t 
era tree has opposite or alternate 

Bark. You can recognize sc 
by their bark and be badly fooled 
Dogwood, beech, shagbark hic 
sycamore can usually be identifie 
tance by means of their bark 
times what you take for tulip tree 
belong to an ash, what you think 
beech may be a large hornbean 
may mistake a cherry birch for ac 

Bark may change a great de 
grows. Once you get to know the 
will enjoy these contrasts. You 
the variations from youth to ol 
large red maple tree —the bright 
twigs, the smooth, light gr 
branches, and the trunk that get 
rougher as it grows older. One 
Sycamore always looks both 
beautiful is that it sheds large pi 
old dark bark so that its pale gree 
white underbark gleams in the w 
city streets. 

Flowers. Magnolia, tulip t 
and fruit trees blossom. Their lar 
flowers bring bees and butterflie 
to the feast of nectar or pollen. 

All trees bear flowers of on 
another, from the conelike arrange 


The three left-hand drawings show buds; the three right-hand drawings show 


distinctive types of bark. 
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Fruits often 
fruits 


the pine family to the locust blossoms 
that look like clusters of sweet peas. Most 
tree flowers are small. Since they generally 
appear early in the growing season and are 
borne high up among the branches, many 


people never see them. This is a pity, for 
they are usually beautiful and always inter- 
esting. 

_ Fruits and seeds. Flowers last a short 
time, but fruits and seeds can often be 


found long after they have dropped from 
the tree. Some pine trees cling to their 
cones—with the seeds inside—until the 
twigs grow around the cones and the live 
Seeds are actually buried in the wood. 

In many cases, the fruits and seeds are 
the most positive identification marks the 
tree can offer. If you find apples on a tree, 
you know it is an apple tree. Only oaks 
bear acorns: only catalpas display catalpa 
Pods. A number of other trees have fruits, 
Seeds, or seed clusters that you could not 
Possibly mistake for anything else. Among 
these are pine, maple, cherry, magnolia, 
flowering dogwood, mulberry, and eucalyp- 
tus trees, 

You would not expect to recognize a 
Person merely by his nose, eyes, or hands. 
When you examine a tree, you will need to 
Consider several things. If you cannot posi- 
tively identify a tree by its bark, examine 


vide positive identifying marks for trees. Above are some familiar 


the leaves. If there are flowers, fruits, or 
seeds on the tree, your problem will be that 
much easier. Look at a number of leaves, 
buds, or leaf scars. Leaves at some distance 
back from the tip of the stem are usually 


most typical. 
In the pages that follow, we discuss 


some of the more important and interesting 
trees. 


CONIFERS: PINES AND THEIR RELATIVES 


The conifers are an ancient group of plants. For- 
ests of conifers covered the moister parts of the con- 
tinents when the early dinosaurs were lumbering and 
leaping about the earth. This plant group includes the 
tallest, largest, and longest-living of all organisms — 
the redwoods of the western United States are be- 
lieved to live as long as 2,000 years. Most conifers 
have their seeds in woody cones, although in a few, 
such as the junipers, the cones have been modified to 
form juicy berries. All conifers are evergreens, except 
larches and the bald cypress of southern North Ameri- 
ca. Some broad-leafed trees, such as the birch, al- 
der, magnolia, and tulip tree, also bear their seeds in 
cones. 

Pines. Pines are among the most widely distrib- 
uted and most important of all trees. Some of the finest 
lumber comes from pine trees. They are also the 
source of pulpwood, pitch, tar, turpentine, and other 
products. More than 80 species make up the genus 
Pinus. Most are natives of the Northern Hemisphere, 
though people have introduced them to parts of the 
Southern Hemisphere. Species have also been trans- 
ported from one northern continent to another. Pines 
live in a variety of habitats, but prefer well-drained 
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soils that are stony and poor in nutrients. 

If a tree has evergreen needles for leaves, and if 
the leaves come in bundles or clusters wrapped to- 
gether by a dry sheath at the base, you can be sure it 
is a pine. One species, the single-leaf pinyon, as its 
name indicates, has leaves that grow singly. All the 
other pines have from two to five leaves in a cluster. 

Close to 40 species of pines are native to North 
America. The eastern white pine is a beautiful and 
economically valuable tree that is the tallest tree in 
eastern North America, reaching heights of 60 meters 
or more. It is also an important lumber tree in Europe, 
where it was first introduced at the beginning of the 
eighteenth century. The only thing white about it is 
the smooth wood; its bark is rather dark. 

The sugar pine of western North America grows 
to heights of well over 60 meters. When it is wounded, 
it forms masses of sugar. It has enormous cones, up 
to 50 centimeters long. The yellow, or ponderosa, pine 
is the most valuable timber tree in the Rockies. It, 
too, grows to well over 60 meters in height. Unlike 
the eastern white and sugar pines, which have five 
needles in a cluster, the ponderosa has three long 
needles in a cluster. Its broken shoots smell something 
like oranges. The pitch pine is found in the eastern 
United States. It averages 12 to 20 meters in height. 
Needles are in threes. Its lumber is of low quality but 
makes, because of its high pitch content, excellent 
firewood and charcoal. The slash pine is the most 
important pine of Central America. It may reach 
heights of 30 meters, Needles are usually in threes. 

The Scotch pine is very widely distributed 
throughout Europe and Siberia. It is a valuable source 
of lumber, turpentine, and other products. Usually 
well under 30 meters in height, it has dark bluish-green 
needles in clusters of two, The bark is often reddish- 
orange. The Aleppo, or Jerusalem, pine is a very 
attractive native of the Mediterranean region. Ever 
ee Le ices civilizations in this area, the 

leppo has been an important sou i 
fee andron pi rce of turpentine, 

A Japanese artists have made the Japanese black 
ping familiar to people everywhere. It is an exception- 

y picturesque tree, with crooked, horizontal 
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branches and rough, deeply fissured bark th 


gray or black in color. Growing to heights 
or more, it is an important timber tree 
teresting species is the lacebark pine of nc 
China. It often has more than one trunk. l 
pines, its bark peels off in large pieces 
pale underbark. The short, light green n 
threes. This tree is often planted around 
in burial grounds. 

Yews. These evergreens are native to t 
Hemisphere. They are common ornam: 
The English and Japanese yews are th 
important tree species in the genus. The 
is native to Europe, western Asia, and no 
It grows to 18 meters in height. The t 
The reddish, flaky bark of a young tree 
comes deeply furrowed as the tree ages 
fleshy red cup that is edible. But the see: 
is poisonous. The English yew may live 
or more. 

Spruces. There are approximately 
spruces. Important sources of timber, the 
of the Northern Hemisphere and are fo. 
in temperate and subarctic zones, T? 
abundant in mountainous areas, Ir 
spruces resemble firs, and often live tc 
mous forests of these trees cover millior 
in Canada, growing so close together th 
find it difficult to force your way throug! 
forests. The needles of spruces and fir 
thicker, and stiffer than those of pines 
grows out separately from the twig, wi! 
The trunks are very straight; circles 
grow straight out from the main trunk. 

Two identifying marks help tell a s 
fir. Look at small twigs that have lost al! | 
If the leafless twigs are rough with proje 
the tree is a spruce. If the twigs are smo: 
Spruces have cones that hang down fro 
while the cones of true firs stand up 
Douglas fir, which is not a true fir, ha 
those of the spruces.) 

Of the seven species native to Nort! 
the Colorado blue spruce is one of the be 
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A merica, 
t known. 


It may be 45 meters tall. The adult foliage is a dull 
bluish-green, » feature that has made this a popular 
ornamental, both in its native land and in other 
countries to which it has been introduced. 


The Norway spruce is the best-known European 
species. It is © major timber tree of Europe and 
North Americ. The wood is not particularly strong 


but is ideal for making boat oars and masts, violins, 
and baskets. cone-shaped or pyramidlike tree, it 
may reach hey hts of well over 45 meters. The needles 
are dark green 
The major 
Asia. The tip 
Its distincti» 


ty of spruce species are natives of 
ail spruce of Japan grows to 40 meters. 
jcaves look like flat sickles, and spread 
from all sides of a twig. The Yeddo spruce is widely 
distributed in castern Asia. It has flat, dark green 
leaves that ¿re bluish or silvery on the undersides. The 
tree is shapev like a pyramid, reaching heights of 45 
meters and » trunk diameter of over 2 meters. 

Firs. F ıs mentioned, may be confused with 
spruces, though it is easy to distinguish between 


them. Natives of the Northern Hemisphere, firs are 
valuable timber trees. They require a lot of moisture 
and are p: larly intolerant of air pollution. These 
are attrac trees and often are used in gardens or as 
Christmas i 

About « en firs are native to North America. 


The tallest, the giant fir of the western United States 
and Canada, reaches heights of 90 meters. The trunk 
is tapered, narrowing as it rises. The branches are 
downswept and bear leaves that are green above and 
silvery on the underside. The widely distributed bal- 
sam fir is grown as a Christmas tree and for its resin, 
which is called “oil of balsam.” The narrow needles 


are green above, silvery below, and have a lovely 
scent. The tree may be 18 to 21 meters tall. 

The Douglas fir belongs to a different genus than 
the other firs. It is found as far south as northern 


Mexico, but reaches its greatest size in the north- 
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western United States and in British Columbia, where 
it may be close to 90 meters tall and have a trunk 
31/2 to 4/2 meters in diameter. On young trees the 
bark is smooth and thin. On old trees, it may be 30 
centimeters thick and is broken into large, scaly 
plates. Douglas firs are very important lumber trees. 

The silver fir of Europe may be 45 meters tall 
and have a trunk 2 meters in diameter. The leaves are 
all arranged in two comblike rows on the branches. 
Its lumber is used for building interiors and for musi- 
cal instruments. 

Most firs are natives of Asia, though they have 
been introduced to other continents. The most widely 
distributed is the Siberian fir, which covers huge 
areas of the Soviet Union. The Himalayan and West 
Himalayan firs also form extensive forests, growing 
at altitudes up to 4,000 meters. 

Hemlocks. Hemlocks are trees of North America 
and Asia. You could mistake a hemlock for a spruce 
or fir, except that the hemlock does not grow stiffly 
erect. It seems much more flexible. It has rough twigs 
and cones hanging down, like a spruce, but its needles 
and cones are smaller. The leaves have leafstalks, and 
there are two white lines on the underside of each 
leaf. The western hemlock grows in moist coastal 
regions from Alaska to California. It is found in huge 
forests together with Sitka spruces. The hemlocks 
grow under the spruces, but the shade cast by the 
hemlocks is so deep that no other trees can grow 
below them. 

Larches. Larches are attractive trees with tapering 
trunks and a cone-shaped appearance. Unlike most 
conifers, they lose their leaves every fall. The needles 
are a beautiful light green and feel much softer than 
other conifer needles. Larch needles grow in thick 
clusters on the old branches and trunk, but singly on 
young green twigs. 

Larches are native to cooler parts of the Northern 
Hemisphere, The widely distributed American larch 
is usually called by its Indian name, tamarack. When 
Hiawatha built a birch-bark canoe, he cried “Give me 
of your roots, O tamarack” because he—and other 
Indians—used the fine, tough roots of the larch for 
cord to sew canoes together. 

A widely used ornamental species is the Japanese 
larch, which may be 30 meters tall, though at high 
elevations the twisted branches are close to the 
ground and the plant is shrublike in form. The 
European larch also reaches heights of 30 meters. It 
is an important source of lumber and turpentine. The 
wood is very durable and thus especially good for 
heavy outdoor construction. 

~ Redwoods and sequoias. These natives of Califor- 
nia are the world’s biggest trees. The redwood is the 
tallest, sometimes reaching a height of 106 meters. 
One redwood is over 110 meters tall. The trunk is 
straight and graceful. The bark is reddish-brown and 
shows deep furrows. When the tree is young, its 
branches sweep down to the ground. In older trees, the 
lower part of the trunk has no branches, The branches 
higher up are rather irregularly spaced and stand out 
stiffly from the trunk. 

The giant sequoia is the bulkiest tree in the 
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world. The General Sherman tree, a giant sequoia in 
California’s Sequoia National Park, has a diameter 
of 9.7 meters at the base. Its weight has been esti- 
mated at about 6,000 metric tons or more. One branch 
of the tree, growing out at right angles to the trunk 
high above the ground, is 39.5 meters long and 2 
meters thick. The leaves of giant sequoias are scale- 
like and sharp-pointed. The cones are egg-shaped and 
remain on the tree for years. 

Cedars. The four species of true cedars, genus 
Cedrus, are natives of the Mediterranean region and 
Asia. The best-known species is the cedar of Lebanon, 
which is frequently mentioned in the Bible. Ancient 
kings, anxious to use the fragrant wood in their 
palaces, overcut the vast forests of these majestic 
trees, so that today the tree is found only in scattered 
areas. The cedar of Lebanon reaches heights of up to 
38 meters. The dark green needles radiate from the 
tips of short, spurlike branches. 

Junipers. These are Northern- Hemisphere trees, 
though one species grows naturally south of the 
equator, in the mountains of eastern Africa, The 
fruits look like berries and are an important food for 
birds. The leaves are either scales or needles or a 
mixture of the two, depending on the species. The 
best-known American species is the so-called red 
cedar of eastern Canada and the United States. 
Sometimes a shrub, sometimes a tree, it may reach 
heights of 30 meters and live to be 300 years old, The 
fragant wood repels moths and was once used to line 
clothes closets. The common juniper is native to 
Europe, where it grows as a tree. In North America, 
it generally grows as a shrub. The berries of this 
species are used to flavor gin. 

Cypresses. Cypresses are natives of the Northern 
Hemisphere and are generally found in mild climates. 
Most are graceful trees, with fragrant, somewhat 
feathery foliage. The cones are very small and 
spherical in shape. A well-known species is the 
Mediterranean cypress, found throughout southern 
Europe and western Asia. The gates of St. Peter's 
church in Rome were made from the durable wood of 
this tree. The Monterey cypress is found on the 
central California coast. Its horizontal branches and 
broad, spreading crown make a picturesque sight 
above the rocks and sand that edge the Pacific Ocean. 

Bald cypress. This tree is only distantly related 
to the true cypresses. A native of Mexico and the 
southeastern United States, it thrives in swamps. It 
sheds its delicate, light green needles every fall. The 
tree may be more than 30 meters tall, with a trunk 
32 meters in diameter. Around the lower part of 
the trunk one often sees “knees” — unusual roots that 
grow upward from under water. These odd structures 
both help to support the tree and to provide air for 
submerged parts, 
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Cycads. Some 150,000,000 years ago, these plants 
were very common on earth. Today, there are fewer 
than 90 species, all subtropical or tropical in habitat. 
Only three species grow taller than 6 meters. In North 
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America, cycads are often called sago palms, but 
these plants are not related to palms. However, they 
do have stout, columnlike trunks that generally are 
not branched. The dark green leaves form a spreading 
crown atop the trunk. Cycads produce large cones— 
one reportedly weighed over 41 kilograms. Some 
species are grown as ornamentals in conservatories. 

Ginkgos. The ginkgo, or maidenhair tree, is a 


widely cultivated and very ancient species. Ap- 
parently, it died out long ago in its native Chinese 
forests, and was saved from extinction because it 
was planted in temple gardens. It thrives in crowded 


cities, where gasoline fumes kill most other trees. 
The thick, fleshy leaves look like the leaflets of the 
maidenhair fern. They have no midrib and are fan- 
shaped. The outer rind of the seeds has a peculiar 
odor, 

_ Monkey puzzle. This native of South America 
is a popular ornamental tree in many places, It may 
reach heights of more than 45 meters. The broad, 
stiff leaves are dark green. They overlap one another 
and closely cover the brittle, snakelike branches. The 
Cones, which may approach a human head in size, 
contain as many as 180 seeds. These are called 
piñones and are very tasty. 

Monkey puzzles, ginkgos, and cycads are more 
Closely related to the conifers than to other broad- 
leafed trees, 

Palms. Palms are easily recognized. The colum- 
nar trunks are generally unbranched. At the top, 
they bear a crown of large, stiff leaves. Palms are 
Most common in tropical and subtropical areas. They 
are very valuable economically, producing lumber, 
foods, oils, and other substances used by people. 

The betel palm is found from India through the 
Pacific islands to Australia, It reaches heights of 
30 meters but has a trunk only 15 centimeters in 
diameter. Its seeds are chewed as a stimulant. 
live: ane coconut palm, found throughout the tropics, 
ari along the edge of the sea. It may be 30 meters 
‘eke with dark green leaves 6 meters long. The fruit 

es 10 to 12 months to mature. The meat of the large 
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seed—the coconut—is eaten by people everywhere, 
either fresh or dried. The dried coconut meat is called 
copra and is a very important product. From it is 
made coconut oil, which is used in making soaps, 
margarines, and other products. The wood of the 
coconut palm is used for building, the leaves are dried 
and woven to make baskets, and the flowers yield a 
sugar. 

The stout trunk of the date palm reaches heights 
of 30 meters. The feathery grayish-green leaves may 
be 6 meters in length. This species is native to North 
Africa and the Middle East, but is widely cultivated 
throughout the tropical world. It is able to live in 
dry climates, and is the palm found in desert oases. 
Individual clusters of fruit may weigh more than 13 
kilograms. Although grown primarily for their fruits, 
date palms have hundreds of other uses. For example, 
sugar can be made from the sap, and the seeds can 
be roasted and used as a coffee substitute. 

Raffia palms have leaves up to 21 meters long — 
the largest leaves of all plants. They are the source 
of raffia fiber. Natives of Africa, most raffia palms 
have stout trunks that may be as tall as 12 meters, 
The hanging flower clusters are very large—up to 
3.5 meters long. 

Casuarinas. Most of the 45 species in this family 
are Australian. Because of their foliage, they are 
sometimes called Australian pines. The leaves are 
tiny scales around the nodes of needlelike branchlets. 
The branchlets carry out photosynthesis for the plant. 
They are shed annually, Casuarinas are often planted 
along avenues, as windbreaks, or as ornamentals. 

Poplars. Trees of the genus Populus have toothed 
leaves that are somewhat triangular in shape. The 
leaf stalks are exceptionally long. The bark is usually 
smooth when young, furrowed when older. The fruits 
develop in long, caterpillarlike clusters called catkins. 
These trees are native to the Northern Hemisphere 
and widely distributed, often forming extensive 
forests. The soft wood is used in construction and 
boxes. Some species are used as ornamentals. Poplars 
are brittle and thus easily damaged in storms. 
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Well-known North American species include 
the cottonwoods and aspens. They have flat leaf 
stalks; the leaves tremble in even the slightest breeze. 
The Lombardy poplar, a native of Europe, has 
branches that grow almost straight up, so that the 
tree looks like a green exclamation point. 

Willows. Willows range from shrubs like the pussy 
willow to the crack willow, sometimes more than 
27 meters tall. Willows brighten the landscape in 
winter because many have olive green, red, or 
bright yellow twigs. The willow bud has just one 
scale, unlike most trees, which either have two or 
more bud scales or have buds unprotected by scales, 
Most willows have long, narrow leaves edged with 
small teeth, Bring cut stems of pussy willow into the 
house in spring and let them stand in vases of water 
until the catkins have opened and the large number 
of tiny flowers in each catkin have bloomed, Soon 
leaves will start to grow and white roots will sprout 
from the stems. When the wind breaks off branchlets 
from willow trees, the branchlets often grow into 
trees if they land in a favorable spot. 

Willows are natives of all continents except 
Australia. Most prefer moist habitats, and are of great 
value in preventing erosion along rivers and around 
ponds, One very well-known species is the weeping 
willow, whose long, drooping branchlets wave with 
every breeze. A native of China, it is now common 
in many countries, 

Birches. Birches look somewhat like poplars. 
However, the small seeds have no cottony covering 
like those of poplars and willows. Birch catkins reach 
a length of 2 to 5 centimeters by the time winter sets 
in, so that they are Conspicuous at the ends of twigs 
all winter, long before their flowers open in spring. 

Birches are natives of temperate and cold regions 
of the Northern Hemisphere. Many are favorite 
landscape trees because of their beautiful bark and 
their elegant appearance. The wood is used for furni- 
ture, interior construction, and plywood. In parts 
of Europe, it is used for roofing. The Indians of 
North America used birch wood for their canoes 
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Alders. Alders are small trees rubs with 
flowers, fruits, and seeds similar to of birch. 
Both birch and alder bear their seeds in like struc- 
tures, but the alder has woody cone last for a 
long time. The 35 species are most! es of the 
Northern Hemisphere. The major } American 
species are the red alder and the wh der of the 
northwest. The black alder forms e ve forests 
in Central Europe and is found south Africa and 
east to Siberia, 

Hornbeams and hop hornbeams. Tt Iso belong 
to the birches. Trees of the Norther misphere, 
they occur in woods under large tr The New 
World hornbeam dangles clusters of t nuts, each 
attached to a small green leaf shaped an arrow- 
head. It is also called blue beech be suse it has 
smooth blue-gray bark like a beech American 
hop hornbeam has rough bark. Its uits are like 
little bags, each with one seed. They n conelike 
clusters and look like the fruits of the hop vine, Both 
of these trees are often called irony ood because 


of their tough, hard wood. x 

Elms. Elms are trees of the Northern Hemisphere. 
Valued for their beauty and their lumber, elms are 
unfortunately subject to two widespread diseases 
that have greatly reduced their numbers: Dutch elm 
disease and phloem necrosis disease. In the elm tree, 
the main stem breaks up into a dozen or more arching 
trunks, You can always recognize an elm by the 
uneven base and the strongly marked vines of the 
leaf. Elm leaves are rough to the touch and be 
teeth along their margins. One of the world’s mosi 
graceful trees is the American elm. Tall. with arching 
branches, it makes an excellent shade and street ea 

Hackberry. This North American tree is closa 
related to the elms. Once you see its purple blac’ 
berries and its gray bark ridged and sprinkled wi 
hard, warty growths, you will remember it. k 

White stinkwood. In the same genus as the hag ia 
berry, this tree is widespread in Africa from Bae 
south. It is a common ornamental and street tree. 


vhite. The newly cut lumber has an 
hence the name, 


Fig tree proximately 800 species make up 
the genus / Natives of tropical and subtropical 
lands, these depend on gall wasps for pollination. 
Fig trees he hy fruits, many of which are eaten 
by people anyan tree is a fig tree native to 
India. As t yan grows, roots from its spreading 
branches re down to the soil and develop into 
secondary The tree keeps expanding. One 
measured © \) meters in circumference—20,000 
people could id beneath it. 

Sweet « lhese trees of the Americas and Asia 
produce a nt resin used in medicines, incense, 


Soaps, perfumes, and other products. The American 
Species rar rom the northeastern United States 
through America and into Venezuela. The 
spherical, iy fruits swing from long stems and 
are covered with hornlike projections that split to 
release dry, winged seeds. With its five or seven 
Pointed, triangular lobes, the sweet gum leaf is more 
starlike than any other leaf. The leaves turn brilliant 
red or orange in fall. 

Rubber trees. These are native to India and Ma- 
laysia, where they reach heights of over 30 meters. 
They were the original source of India rubber, but 
rs Not, however, the source of natural rubber col- 
lected today. Many people in temperate lands raise 
rubber trees as houseplants. 

T me trees. These trees have leaves that look a 
ats e maple leaves, but they are alternate. Also, 
uel ike other tree leaves, the leaf stalk fits tightly over 
a bud as its base. The bright appearance of plane 
iat 's comes from the mottled bark, which continually 
Sti in patches to reveal the light green underbark. 
li mer and winter sunlight and even moonlight 
glisten on the dappled trunk and branches. 
E The North American planes are called sycamores 
ees pice; buttonwoods, on account of 
aa urfa, These are long-stemmed globes, each with 
iii reds of hard little seeds, surrounded by fuzzy 
irs. The best of all trees for city parks is the London 


plane, which can stand city smoke and fumes un- 
usually well. The London plane is actually a hybrid 
between the American sycamore and the Oriental 
plane. 

Lindens. The American basswood, the English 
lime, and the European linden are all members of 
the same genus, Tilia. There are some 80 species in 
this Northern Hemisphere genus, They are some- 
times called bee trees because bees eagerly seek 
out their blossoms in late spring. The leaves are 
usually heart-shaped. Clusters of fragrant cream- 
colored flowers are borne at the end of a slender 
stalk, The stalk springs from the center of a flat green 
stem that looks like a leaf. When the fruits mature, 
the whole arrangement breaks off and sails through 
the air. 

Baobabs. These unusual-looking trees are native 
to Africa and northern Australia, where they inhabit 
hot, arid grasslands, The trunks are very thick, the 
branches are rather short, and foliage is sparse. The 
Australian baobab, or bottle tree, reaches a maximum 
height of about 12 meters, but its trunk may have a 
circumference of 18 meters. Its fruits and seeds are 
edible, and a white gum given off by the tree can be 
used to make pleasant-tasting drinks. 

Kapok. This massive native of the American 
tropies is cultivated extensively in parts of Asia and 
Africa. Its fruits are 7¥/2- to 15-centimeter-long pods 
that contain masses of brown, gray, or white fibers. 
The fibers, called kapok, are lightweight, water- 
proof, and very elastic. They are used as stuffing 
for sleeping bags, life preservers, pillows, and so on, 
The closely related silk-cotton trees also produce 
such fibers. 

Balsa. This tree produces the lightest-weight 
lumber of all. The wood is used for rafts, model air- 
planes, and life preservers. The tree is native to the 
West Indies and the American tropics. It reaches 
heights of 24 meters. The leaves are heart-shaped 
and have reddish stalks. 

Mangroves. These tropical trees grow to heights 
of 30 meters. The branches are high above the 
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ground. From them dangle aerial roots that anchor 
into the swamp or coastal ground these trees favor. 
This helps build up the land. The mangrove’s heavy 
seeds start to grow while still on the tree. Eventually 
they drop, root-side down, into the water. 

Walnut and hickory trees. These are closely related 
and bear edible nuts. Leaves are alternate and com- 
pound, The walnuts have more leaflets on each leaf 
(from 11 to 23) than the hickories and the husk of a 
walnut does not split open. If you are in doubt, split 
a twig with a knife, If the soft pith is divided into little 
plates with open spaces between them, the tree is a 
walnut, If the pith is solid, it is a hickory. 

Hickories, with one exception, have 5 to 11 
leaflets on each leaf. The pecan tree is a hickory and 
the largest of the genus. Pecan trees in the Mississippi 
Valley are sometimes 48 meters tall. 

Oaks. Oaks are strong, long-lived trees with 
tough wood. They all bear nuts (fruits) called acorns. 
These offer an infallible means of identification, since 
no other nuts resemble acorns. The leaves are alter- 
nate; in most species, they are lobed. The leaves 
usually are borne in clusters near the ends of branches, 
There are some 450 species of oaks, native to the 
Americas, Europe, northern Africa, and subtropical 
Asia. Oaks are among of the world’s most important 
trees. 

The New World oaks fall into two groups: the 
white oaks and the black oaks. White oaks usually 
have leaves with wavy or curved lobes. The leaves 
never have sharp lobes with bristle-pointed teeth at 
the tips of the lobes, as do the leaves of the black oak 
group. The white oak group includes the white oak 
lett, the evergreen, or live, oak, and all European 
oaks. 

The black oak group includes the black oak, 
red oak, scarlet oak, pin oak, and other species. The 
leaves vary greatly in shape, even within the species. 

The Asian oaks differ from other oaks in that 
the scales of the acorn cups are connected in con- 
centric rings rather than being separate, Among the 
common and economically valuable species are the 
Mongolian, Daimyo, and Oriental white oaks. 
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Chestnuts. These are known by their long leaves 


with prominent midrib and the pointed te at the tips 
of the veins. The 12 species are natives of northern 
temperate zones. Years ago, one of the »mmonest 
trees in the eastern United States was the American 
chestnut, with its beautiful long leaves an: its delicious 
nuts in their spiny burrs. Then came the chestnut 
blight, a deadly fungus. Few diseases ever killed off 
their victims so completely, All American chestnut 
trees of any size were killed. Year after year new 
stems grow up from the old roots, but the fungus kills 
these before they are more than several centimeters 
thick. The species is now almost extinct. However, 
Chinese and Japanese species are resistant to the 
chestnut blight and have been introduced into North 
America, 

Beeches. These are natives of northern temperate 
regions. Many are grown as ornamentals. They are 
stately, beautiful trees. If you find large trees with 
light gray, very smooth bark, even on the older parts 
of the trunk, they are doubtless beech trees. Look 
for the very long, sharp-pointed buds. The leaves 
have veins arranged like those of the chestnut, but 
they are shorter and more nearly oval and the teeth 
at the margin are not so sharp. Beech nuts are triangu- 
lar, small, sweet, and good to eat. They are enclosed 
in a spiny burr, but sometimes fall out. The pale dead 
leaves of the beech often cling to the trees all winter. 

Horsechestnuts. These natives of central Europe 
are favorite landscape trees in many lands. This i$ 
one of the easiest trees to recognize. It has opposite 
leaves, each usually having seven leaflets arranged 
like the fingers of your hand—that is, palmately. It 
has big buds, covered with sticky resin, at the end 
of its branchlets. A large horsechestnut in spring 
is a beautiful sight, with hundreds of clusters of big 
flowers. Later, dry, spiny fruits develop. These split 
to free the big, smooth, bitter nuts. The American 
buckeyes (so called because their seeds suggest the 
eyes of a deer) are closely related to the horsechestnut. 
Their fruits are either smooth or else decidely less 
spiny than those of the horsechestnut. ‘fal 

Magnolias. The magnolia tree bears beautiful 
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flowers. Inside the large, flashy petals are numerous 
stamens and pistils, arranged on a fleshy cone. After 
the petals fall, this cone grows and bears red, fleshy 
seeds, Magnolias also have large leaves. The culti- 
vated magnolias, whose flowers bloom before the 
leaves appear, come from China or Japan. 

Tulip trees. These are in the magnolia family. 
One species is native to China. The other, native to 
the eastern United States, is the tallest broad-leafed 
tree in North America, reaching heights of up to 
60 meters. Its yellow and orange blossoms look like 
tulips. In summer, it displays glossy, lobed leaves 
that look as if someone had cut off their tips. 

Camphor and cinnamon trees. These are lovely or- 
namentals native to Asia. The wood of the camphor is 
fragrant and strong, and repels insects. The dried 
bark of young cinnamon tree shoots is the spice we 
use for flavoring. 

_ Sassafras. There are three species, one native to 
China, one to Taiwan, and one to eastern North 
America. A sassafras tree has three kinds of leaves, 
all on the same tree. Some are oval, some have two 
lobes and look like mittens, and some have three 
curved lobes. The roots of the American species pro- 
vide oil of sassafras, which is used as flavoring in 
teas and tonics. Birds eat the purple fruits. 

Fruittrees. Trees of the genus Prunus include 
plums, cherries, apricots, peaches, and almonds. 
Pears (genus Pyrus), apples (Malus), and quinces 
(Cydonia) are closely related—all members of the 
rose family. Wild trees generally have small fruits 
that are popular with birds and small animals. Some, 
ee the larger cherry trees, are highly valued 
ee their wood. The cultivated varieties are derived 
tom wild species native to different parts of the 
northern temperate zone. 
ne Acacias. There are some 750 species of these 
a pical and subtropical plants. Most live in dry habi- 
ats. They have thorns and showy flowers with nu- 
Aas stamens. Many species are important sources 
of lumber, dyes, gum arabic, and other products. 

Cacias are divided into two groups. One group, 


which includes the African acacias and the cassie of 
the Americas, has feathery leaves composed of 
many leaflets. The second group, to which the koa of 
Hawaii and many Australian species belong, has 
undivided “leaves” that are actually flat, expanded 
leaf stalks. 

Rosewoods. These are tropical and subtropical 
trees with pinnate leaves that consist of an uneven 
number of leaflets. The flowers look like those of pea 
plants and develop pod fruits. Most species have 
exceptionally beautiful wood that is used to make 
everything from furniture to salad bowls to umbrella 
handles. 

Royal poinciana. This native of Madagascar is a 
colorful ornamental commonly grown in many warm 
lands. Up to 15 meters tall, it has feathery, pinnate 
leaves. The flowers are brilliant red or yellow and 
brighten any garden or roadside. They produce pods 
that may be close to 40 centimeters long. Eventually, 
the pods turn black, and remain on the tree long after 
the leaves have fallen. 

Honey-locusts. These trees also have pinnate 
leaves. The flowers are greenish, the pods may be 
45 centimeters long, and spines usually grow from 
the trunk and branches. The wood is durable, Except 
for one South American species, all are natives of 
the Northern Hemisphere. 

Lignum vitae. This tree produces a very hard 
wood used to make such things as bowling balls and 
propeller shafts for steamships. A native of the West 
Indies, Central America, and northern South America, 
it reaches heights of 9 meters. Each leaf has 4 to 6 
leaflets. Related species also produce durable wood 
of commercial importance. 

Citrus trees. These natives of China and south- 
east Asia have been cultivated elsewhere for many 
centuries—the citron was introduced to Mediterran- 
ean countries around 300 B.C. by Alexander the 
Great's armies. Citrus plants have fragrant flowers 
and usually have undivided leaves. Commercially 
important species include citron, grapefruit, lime, 
sweet and sour oranges, and lemon. 


TREES 


173 


174 


Mahogany trees. These natives of the American 
tropics produce beautiful wood used for making fur- 
niture. The best wood is probably that of the West 
Indian mahogany. This tree grows to heights of 18 
meters, The pinnate leaves may be more than 17 
centimeters long. It is an attractive tree and is often 
grown as an ornamental. 

Tung oil and candlenut trees. These are Asian 
species. Oils from them are used in varnishes, paints, 
and other products, The tung oil tree has heart-shaped 
leaves and attractive flowers that are white with red 
and yellow markings. The candlenut tree’s leaves may 
be lobed or similar to those of the tung oil tree. Its 
flowers are small and yellow. 

Rubber tree. Rubber comes from Hevea brazilien- 
sis, a tropical South American tree that is now culti- 
vated extensively, particularly in the Far East. This 
tree is the source of almost all natural rubber, When 
the trunk is cut, a juice called latex flows from the 
incision. This is collected in a very delicate, method- 
ical operation, More than 15 liters of latex can be 
collected from a mature tree in a year. These trees 
have long-stalked, compound leaves that are purplish- 
bronze but turn red, orange, or brown when old, The 
whitish flowers are small and have a lovely scent. 

Cashew and pistachio trees. These are noted for 
their nuts. The cashew tree is native to the Caribbean 
area, the pistachio to the Mediterranean region and 
Asia. The cashew is an evergreen; the pistachio is 
deciduous. Both have small flowers—those of the 
pistachio lack petals. In the same family is the mango, 
a native of India cultivated for its juicy, delicious fruit. 

Sumacs. These are subtropical and temperate, 
with small flowers in clusters and small berrylike 
fruits. Some species have a deservedly bad reputa- 
tion, for they are very poisonous. They cause severe 
skin inflammation, including blisters, when touched. 
Inhaling the smoke of a burning poisonous sumac can 
be even more dangerous. One highly poisonous spe- 
cies is the lacquer tree of China and Japan, which is 
commercially exploited as a source of a varnish called 
Chinese or Japanese lacquer. 
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Ebony. Ebony wood comes p ly from 
Diospyros ebenum, a tree of India Lanka. 
This tree may be 18 meters tall and h trunk 1.8 
meters in diameter. In the same gen persim- 
mon tree of the United States and the Jo, snese date- 
plum, which is widely cultivated for hy fruit. 

Mulberry. This tree has alternate, 5 toothed 
leaves, which may be heart-shaped « d, Pluck 
a leaf or cut a twig and notice the r lice. The 
berries of these trees are good to eat nost valu- 
able mulberry tree is the white mull of Asia, 
whose leaves are fed to silkworms intry can 
produce natural silk unless it has the pr mulberry 
trees. 

Hollies. These are a varied group. S are ever- 


greens, some deciduous. Most have sm: 


toothed leaves. The species famed for 1 scalloped 
spine-tipped leaves and red berries he English 
holly and the American holly. Both pyramid- 
shaped trees. The American holly is lly shorter 
and has duller leaves, and its berri ) not form 
dense clusters as do those of the English holly. | 

Ailanthus. These natives of Asia Australia 
have compound leaves. In autumn, flets fall 


first. Eventually the midrib to which they were at- 
tached will fall from the branch. The be nown spe- 
cies is the tree-of-heaven, which is widely cultivated 
and seems to thrive in polluted urban environments. 
Its long leaves have 15 to 31 smooth-edged leaflets. 
At the base of each leaflet is a scent gland. The scent 
of the male flower is unpleasant. The male and female 
flowers are borne on separate trees. The grayish- 
brown bark is smooth in younger trees, cracked in 
older trees. 

Maples. These trees have opposite leaves that 
are deeply lobed and palmately veined. No other 
tree has fruits like theirs. They are called samaras 
and consist of two seeds joined at the base. each with 
a wing. Maples are natives of the Northern Hemi- 
sphere. Many are grown as ornamentals and some 
are harvested for their wood. The best-known species 
of North America is the sugar maple. Its leaf is the 
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national « of Canada. This tree yields maple 
sugar and The wood is also highly prized. The 
sugar ma thick foliage and beautiful orange, 
yellow, a rlet colors in autumn. 


The J se maple, especially varieties with red 


leaves, is cultivated as an ornamental, It grows 
to height Sout 72 meters. Unlike American and 
Asian maj European species do not turn brilliant 
colors in in. The Norway maple gives dense 
shade an the only maple that yields a milky juice 
when you ik a leaf or stem, The sycamore maple 
grows we coastal land and in open upland areas. 
Its smoo te lumber is excellent for carving. 


Eucé > The 500 species of this Australian 


group of | range from plants 2 meters tall to the 
Australian p;ountain-ash, which may be well over 100 
meters tall. They are by far the most common and 
Most impc t trees of Australia. Some species have 


also become common in other lands to which they 
have bee: oduced, The trees are slender. The 
leaves oft e a bluish or whitish green. They vary 
in shape with the age of the tree. Young leaves usu- 
ally grow horizontally from the branch. Adult leaves 
hang. Most species are evergreens. The fruits are 
woody. 

Some eucalyptus species are valuable sources of 
lumber. The wood is hard and very durable. Oils pro- 
duced by the leaves are used in medicines, perfumes, 
and other products. The nectar of eucalyptus flowers 
is the primary source of food for the bees of Australia. 

` Dogwood. These trees have smooth-edged oppo- 

site leaves, rough, checkered bark, and clusters of 
berrylike fruits that often remain most of the winter. 
Examine a flowering dogwood in spring and you will 
See that the four or more large “petals” are really 
modified leaves. They surround a cluster of tiny flow- 
ers, each with petals of its own. The dogwood never 
grows to large size, but thrives under forest trees. 

Balata rubber. This comes mainly from Mimusops 
bidentata, a tree of the West Indies and Central and 
South America that may be 30 meters tall. The thick 
leaves are alternate. The flowers are small and bell- 
shaped. The juice, or latex, of these trees is used for 


shoe soles, machine belts, and other products. 

Ashes. These trees of northern temperate zones 
have leather-veined, opposite, usually compound 
leaves. The flowers are in dense catkinlike clusters. 
Ash seeds are winged but are easily distinguished 
from winged seeds of other trees. The wood of the 
tree is tough and elastic and is used to make baseball 
bats and other sporting goods. 

Olive trees. Natives of the Mediterranean area, 
these are widely cultivated for their fruits. The tree 
grows to 9 meters in height. The dark leathery leaves 
are silvery underneath. The fragrant flowers are small 
and greenish. Olive trees may live more than 1,000 
years. 

Strychnine. This comes from seeds of Strychnos 
nuxvomica, a 15-meter-tall native of tropical Asia. 
The greenish flowers are pleasantly scented, The fruits 
look like small oranges. Closely related is the curare 
poison nut vine of Central and South America, 

Catalpas. These are natives of North America, 
the West Indies, and Asia. The leaves are large and 
heart-shaped or lobed. The flowers are bell-shaped 
and produce long, beanlike seed pods, The wood of 
some species is durable but coarse. It is used for tele- 
phone poles, fences, boatbuilding, and construction, 
depending on the species and the location. 

Teak trees. These are native to India and neigh- 
boring lands. Their wood is very durable and hard 
and is used for many products. The trees may reach 
heights of 30 meters. The leaves are opposite and 
large —often almost a meter long. 

Coffee trees. These natives of the Old World trop- 
ics are now extensively cultivated elsewhere. The 
most important species, the Arabian coffee tree, may 
reach heights of 9 meters. The leaves are long and 
glossy. The white flowers have a lovely scent and 
produce fleshy fruits that gradually become purple. 
These contain the seeds, or coffee beans. 

Cinchona trees. These tropical American plants 
are the source of quinine, a drug once important in 
the treatment of malaria. These medium-sized ever- 
greens have large leaves and yellowish or pinkish 
flowers. The quinine is produced from the bark. 
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Animals in their extremely varied forms, 

nd life adaptations are found 
orld in all different kinds of 


environr pposite page: a leopard, an 
agile clir foams over mountainous 
terrain. Above: a crab sits ona sea 
anemone 
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THE LIFE OF ANIMALS 


The many animals that inhabit the 
earth show an almost endless variety in 
size, shape, internal and external structure, 
and habits. Well over one million species 
are now recognized and new ones are being 
constantly discovered. 

Animals range in size from the micro- 
scopic protozoans to the mighty blue whale, 
which may reach a length of 30 meters and 
a weight of over 80 metric tons. Some ani- 
mals, such as the deer fly and the cheetah, 
can move with great speed. Some, such as 
the sloth and the snail, move slowly. Some, 
including the flowerlike sea anemone and 
the coral, become permanently fixed to one 
place. Certain animals, like the weasel 
among vertebrates and the praying mantis 
among insects, are predators, eating other 
animals. Others, like deer, cattle, and Ja- 
panese beetles, live on vegetation. Still 
others —hyenas, jackals, and vultures, for 
example—are scavengers, feasting on car- 
casses. 


ANIMAL STRUCTURE AND FUNCTION 


The vastly different forms of animal 
life are all made up largely of protoplasm, a 
substance in which the physical and chemi- 
cal processes of life take place. Protoplasm 
is a very complicated mixture of various 
materials and is contained in one or more 
basic units called cells. Generally speaking, 
animal cells are microscopic in size, but 
there are exceptions. The nerve cells of 
large animals (including man) may be al- 
most a meter in length. The yolk of a bird 
egg is a single cell. It may be over 8 centi- 
meters in diameter in the case of the os- 
trich, the largest of all birds. 

The animal cell is bounded by a very 
thin membrane, called the plasma mem- 
brane. Outside this, there may be a flexible 
envelope—the pellicle. The protoplasm 
within the plasma membrane always con- 
tains a nucleus, or core, which may be at 
the center or at one end of the cell. Some 
cells have two or more nuclei and some 
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mature cells lose their nuclei. Within the 
nucleus is a fine network, the chromatin. It 
carries the units, called genes, that deter- 
mine the heredity of the animal. In the pro- 
toplasm outside the nucleus of the cell, 
there are various bodies that play an impor- 
tant part in life processes. 
ANIMAL TISSUES 

Certain microscopic animals, such as 
the ameba and the paramecium, consist of 
only one cell. Most animals, howe are 
multicellular, or many-celled. In the more 
highly organized varieties, there are mil- 
lions upon millions of cells, grouped togeth- 
er to form tissues. In each tissue, the cells 
are more or less alike and perform the same 
functions. There are epithelial tiss that 
cover the outside of the body and various 
inner parts. Connective tissues bind togeth- 
er other tissues and help support the body. 
Muscular tissues bring about move tas 
they contract or lengthen. Nervou sues 
transmit stimuli. 
ORGANS 

Tissues in turn are combined in larger 
units, known as organs, which perform cer- 
tain definite tasks. The organ called the 
heart serves as a pump and keeps the blood 


circulating. The brain acts as a nerve cen- 
ter, receiving messages from the outsi 
world and sending Messages to < 
parts of the body. The lungs serve to draw 
in and exhale air in the process of respira- 
tion. The liver filters the blood, secretes 
bile and stores the sugar called glucose. 


ORGAN SYSTEMS 


Finally, organs are joined in stil] more 
complex units, called systems. In most mul- 
ticellular animals, we find a skeletal system, 
for the support and protection of the body: 
a muscular system, capable of bringing 
about motion; a circulatory system, for the 
transportation of food and waste materials: 
a respiratory system, for the process of 
breathing; a digestive system, for preparing 


Animals 
anemone 
tom and 
animals 
istic: bot 
its tentac! 
sometim oting a tree to feed on the leaves. 
food so t t can be absorbed by the body; 
an exci y system, for disposing of 
wastes rvous system, for regulating the 
body’s internal activities and permitting the 
animal ljust to its environment; and a 
reprodt e system, for bringing new indi- 
viduals into being. 
FOOD ) DIGESTION 

All these systems can function only if 
the animal can obtain food, which will be 


transformed in its body in such a way as to 
release energy. Most plants can manufac- 
ture their own food by the process known 
as photosynthesis, but animals cannot do 
this. Animals obtain essential food ele- 
ments by eating plants or plant-eating ani- 
mals. They obtain their food in various 
ways. The ameba enfolds microscopic ani- 
mals or plants in temporary extensions of 
its body called pseudopodia, or “false feet”. 
When the tentacles of the hydra touch its 
prey, certain structures they contain pierce 
the body of the victim and inject a paralyz- 
ing fluid. The tentacles then draw the prey 
to the hydra’s mouth. To obtain its food, 
the earthworm swallows earth, digests any 
minute plant or animal life contained in it, 
and ejects the rest. The insect called the 
aphid sucks plant juices. The praying man- 
tis nibbles at the soft parts of insects and 
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atly in size, shape, internal structure, and behavior. Right: a sea 
newhat atypical animal in that it adheres to a rock or the sea bot- 
t move freely. Left: just the head region of one of the largest of 
ceros. These two widely different animals share one character- 
»btain their food from outside sources. The sea anemone closes 
food that falls on it. The rhinoceros actively goes after food, 


discards the rest. Many whales draw in 
huge gulps of water and strain out of the 
water the plankton (tiny animals and plants) 
it contains. Certain mammals, such as the 
horse, deer, and sheep, are vegetarians. 
Others, including the lion, puma, and wea- 
sel, eat animal prey. 

Much of the food that animals eat is in 
the form of complex substances — proteins, 
carbohydrates, and fats. These must be 
transformed in the body to simpler com- 
pounds that the cells can absorb —a process 
called digestion. Often food has to be bro- 
ken down by mechanical means before 
chemical digestion can take place. This pre- 
liminary process is performed by the teeth 
of various animals. In birds, food is ground 
in the gizzard against particles of sand that 
have been swallowed. The churning action 
of the stomach also helps break down food. 

Such mechanical processing is not 
required in certain cases, as when the ame- 
ba devours its prey or when the aphid sucks 
plant juices. However, in every case, chem- 
ical changes must take place in complex 
food substances before they can be ab- 
sorbed by the cells. Such changes are 
brought about by digestive enzymes. Asa 
result, proteins are reduced to amino acids; 
fats, to fatty acids; carbohydrates, to simple 
sugars. 
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RESPIRATION 


When food has been suitably prepared 
by the process of digestion, it must be 
burned in the cells so that energy may be 
provided for the animal’s needs. Burning, 
or combustion, takes place when oxygen, 
derived from the air or water that surrounds 
animals, combines chemically with food, 
releasing energy and yielding the gaseous 
waste product carbon dioxide. The carbon 
dioxide is then discharged to the surround- 
ing air or water. The process of drawing in 
oxygen and giving off carbon dioxide is 
called breathing, or respiration. 

Animals breathe in many different 
ways. In the water-dwelling one-celled 
ameba, oxygen enters the body through the 
cell membrane from the surrounding water, 
and carbon dioxide passes out through the 
same membrane. The earthworm breathes 
through the moist outer layer of its skin. In 
insects, oxygen is drawn in and carbon 
dioxide expelled through fine tubes leading 
from the surface of the body to the tissues. 
There are special structures for respiration 
in the higher animals—the gills in water 
animals; the lungs in land animals, Oxygen 
is transferred from the gills or lungs to the 
blood and is carried in the blood stream to 
the cells. Carbon dioxide is carried from the 
cells in the blood to the gills or lungs, and is 
released from the body. 

A certain amount of the energy de- 
rived from the combustion of food in the 
cells is given off in the form of heat. The 
rest is used by the animal in carrying on its 
various activities. Energy is required, for 
example, in building up complex proteins 
and other compounds from simple sub- 
Stances in the cell and in bringing about 
growth in cells and tissues, Energy is also 
needed for the many types of movement in 
which the animal engages, 


LOCOMOTION 


The type of movement called locomo- 
tion, or going about from one place to an- 
other, generally distinguishes animals from 
plants. There are many different types of 
locomotion. The ameba moves as its sub- 
Stance streams into temporary extensions 
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of its body—the pseudopodia previously 
mentioned. The flagellates beat the water 
with whiplike structures called f agella, 
Some fishes, such as eels, make their way 


through the water by wiggling movements 
of the body. Others advance by moving 
their caudal fins, or tails, from side to side. 
The squid draws water into its body and 


then forces it out through a flex tube 


located near its arms. The res ing jet 
moves the animal backward. Certsin ani- 
mals —birds, bats, insects —can fl mov- 
ing their wings; flying snakes can «lide as 
they flatten their bodies. Land an s with 
legs that raise the body from the nd are 
often capable of very rapid locom i 
REPRODUCTION 

A vital activity of animals is reproduc- 
tion, or the forming of new individuals. 
Some of the lower animals, inch ing the 
one-celled paramecium, reproduce by di- 
viding into two halves. The tuni-ste de- 
velops a bud, which gradually grows into a 
new animal as large as the old. Certain flat- 
worms break up into two or three parts, and 
each part becomes a new individua 

Most animals, however, reproduce 
their kind through sexual reproduction. 
Male sex cells (sperm), produced nales, 


neyrolles 


and female sex cells (eggs), produced by 
females are united in the process of fertil- 
ization. (In some cases, as in snails, both 
male and female sex cells develop in the 
same individual.) The fertilized egg then 
grows into a new individual. In many 
cases— butterflies, salmon, and birds, for 
example —the fertilized egg develops out- 
side the body of the female parent; in others 
(practically all mammals), the developing 
egg remains inside the body of the female 
and is separated from it only at the moment 
of birth. 

Whatever the method of reproduction, 
traits are passed on from one generation to 
another through the operation of heredity. 
The ameba gives rise to another ameba; the 
snail, to another snail; the lion, to another 
lion. 


PLACE IN THE ENVIRONMENT 


The mode of life of animals is influ- 
enced by the environment in which they 
live. There are many factors in the environ- 
ment; they include sunlight, temperature, 
air pressure (in the case of land animals), 
and water pressure (in the case of water 
animals), Animals are also affected by their 
relationships with other animals as well as 
with plants. Many of these relationships 
have to do with the obtaining of food. Thus, 
in this eternal quest, living things, plants 
and animals alike, are bound together in 


Animals move in many different ways. Op 
body flows into temporary extensions, calle 
fish swims by forcing water through a special 


a gazelle, an animal capable of running very rapidly. 
De Sozo/Ropho 


food chains. For example, plants manufac- 
ture food in sunlight; insects devour plants; 
songbirds eat insects; hawks prey on song- 
birds; when hawks die, beetles and other 
insects feed on their carcasses, and bacteria 
transform various compounds in these car- 
casses into nutrients that plants can absorb. 
Disease may also be considered as one 
phase of the search for food. For diseases 
are caused by living organisms that feed, 
often as parasites, upon other organisms. 


THE STUDY OF ANIMALS 


The study of the different aspects of 
animal life is the province of the science 
called zoology. The word comes from the 
Greek zoios: “animal” and logos: “sci- 
ence”. Like other major sciences, zoology 
is divided into a number of different fields. 
Anatomy is the study of form and structure. 
Histology deals with tissues; cytology, with 
cells. The living processes of animals form 
the subject matter of physiology. Nutrition 
considers how animals take in and utilize 
food substances. Embryology examines the 
formation and development of a new indi- 
vidual from the fertilized egg. Genetics 
deals with heredity and variation. It shows 
how characteristics are passed on from one 
individual to another or from one popula- 
tion to another. Parasitology examines the 
animals that live in or on other animals. 
Pathology is the science of the causes, 


posite page: an ameba moves as its 
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Many animals are very important economically. Above, a herd of sh sed for 
their meat and for their wool. 


symptoms, and nature of diease. The rela- able as test animals in laborat xperi- 
tions between animals and their environ- ments in various fields of scienc ithout 
ment is the concern of ecology. Natural them, we would not have sulfa anti- 
history considers the life of animals in their biotics, intricate operations that lives, 
natural surroundings. Paleontology takes vaccines, and so on. Great ac es in 
up fossil animals, which lived in past ages physiology and psychology have on due 
and the remains or imprints of which are in large part to the use of test anir 
preserved in rocks. The study of the origin Animals serve man in vari other 
| of animal life and the gradual differentiation s and 
of types is the task of evolutionary science. iit by 
Taxonomy deals with the classification of rhe se- 
animals. Animal behavior is studied in the rable. 
science of ethology. erived 
In addition to the above sciences, ry the 
which consider animals in general, certain of the 
subdivisions of zoology have to do with 1edicines, 
particular groups of animals, Thus verte- from the 
brate zoology is concerned with animals 
with backbones; microbiology, with one- man. 


celled animals; entomology, with insects: 
ichthyology, with fishes: herpetology, with 
amphibians and reptiles: ornithology, with 
birds; and mammalogy, with mammals, 


ANIMALS AND PEOPLE exact a high toll. Certain snakes, spiders, 


From the earliest days, animals have 
served as a source of food and clothing for 
man. Also, animals such as the horse, the 
donkey, the mule, the Ox, the elephant, and 
the camel are still important as work ani- 
mals in large areas of the world. 

Animals such as dogs, cats, guinea 
pigs, rats, and mice have been indispens- 


Other animals, including the Anopheles 
Mosquito and the tsetse fly, are carriers of 
disease; they harbor harmful organisms 
which are transmitted to man. 


182 THE LIFE OF ANIMALS 


both photos, J. Six 


Sponges, left, are members of the phylum Pori- 
fera—the pore-bearing animals, the simplest of 
the many-celled animals. The jellyfish, above, is 
a coelenterate. These multicellular animals can 
prey actively on other animals. Their close rela- 
tives are corals and hydrozoans. 


THE ANIMAL KINGDOM 


hings are generally grouped as 


Livin 


Plants or animals and classified in the Plant 
Kingdom or Animal Kingdom. Animals, in 
general, share certain characteristics—the 
ability to move from one place to another 


and the need to obtain food from external 
Sources. Certain one-celled organisms 
Share the characteristics of both plants and 
animals. 


PROTOZOA SUBKINGDOM— ‘First animals” 
Single-celled animals (some p 


poer. Individual or colonial; free, attached, or p: 
eproduce by fission, budding, spores, or sexuall 


Sarcomastigophora Phylum 


Cell firm, 


Mastigophora Subphylum 
GLENA, VOLVOX. 


Whip-bearers 


Sarcodina Subphylum Ce 
Fleshy animals Some with shells. A 


Apicomplexa Phylum 


These organisms are very difficult to 
classify and are sometimes placed in sepa- 
rate kingdoms. In The New Book of Popu- 
lar Science, the one-celled organisms 
known as protozoans are placed in the An- 
imal Kingdom. The main subdivisions of 
the Animal Kingdom are given below. The 
most important groups of animals are dis- 
cussed in separate articles. 


lantlike). Generally microscopic; some extinct forms 
arasitic. Take in food or make it. 


y. Inhabit land, sea, and air. 


Includes the large group of flagellates and the amoebas. 


with one or more flagella for movement. Some are colonial. EU- 


Iis with no definite shape and sending out pseudopods for movement. 
MOEBA, GLOBIGERINA. 


Includes the sporozoans and a single species of oyster parasite. 
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Sporozoa Class Cell firm, often with thick wall; generally no structure for m 
Spore animals sitic. GREGARINA. 


Ciliophora Phylum Includes three classes of protozoans with cilia or cirri to prov 
Ciliate animals Some reproduce sexually. 


Kinetofragminophora Class Cell firm, with cilia in young; adult attached and has hollow te 
parasitic. SUCTORIA. 


Oligohymenophora Cell firm; some reproduce sexually. PARAMECIUM, TETRAHY 
Class TRICHS. 

Polyhymenophora The most advanced ciliates; undulating sheetlike membrane 
Class mouth. STENTOR. 


PARAZOA SUBKINGDOM—“Like an animal” 


Most primitive of the many-celled animals; the sponges. Saclike walls riddled with 
pores and canals surround central cavity. Flagellated cells circulate water: diges 
tion within cells, not in a digestive tract. Attached, colonial, or single; reproduction 
sexual or asexual. Marine and freshwater. 


some 


PERI- 


} to the 


GLASS 


Porifera Phylum The pore-bearing animals, Or sponges. 
Calcarea Class Sponges with an internal skeleton of lime spicules; marine. SCY 
Lime Animals 
Hexactinellida Class Sponges with inner skeleton of siliceous spicules; marir 
Animals with six- SPONGES, HYALONEMA. 
pointed spicules 
Demospongiae Class Sponges with spicules of silica or spongin or with no interna! skeleton. 
Common sponges Marine and freshwater, COMMON BATH SPONGE. 


EUMETAZOA SUBKINGDOM—‘‘Later animals” 


Multicellular animals at the tissue and organ level of ization, i 
the Parazoa, i g of organization, in contrast to 


n which the highest or anizational level i i i x 
cludes all of the animals with organ systema ieee the tissue. In 


Polyp stage. May prey actively on other animals. M. 
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Opposite page, far left: a 
garden-variety worm—the 
earthworm. Earthworms are 
annelids. Middle: sea ur- 
chins. These colorful, spiny 
animals are echinoderms. 
Near left: a familiar crusta- 
cean—the lobster. 
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Hydrozoa Class Simple polyps and medusae; alternation of generations. HYDRA, OBELIA. 
Water animals 

Scyphozoa Class Often large jellyfish; alternation of generations, but polyp stage reduced. 
Cup animals AURELIA, 

Anthozoa Class Attached polyp; no medusa stage. Some have hard external shell or skele- 
Flower animals ton. Often colonial. Marine. CORAL, SEA ANEMONE, SEA FAN. 


CTENOPHORA PHYLUM—"‘Comb-bearers” 

The comb jellyfish. Body spherical to cylindrical, with bilateral or radial symmetry; 
stomach and internal tubes present. Moves by means of eight platelike bands of 
fused cilia; often has pair of tentacles; not colonial. Reproduces sexually; sexes 
not separate. Marine; feeds actively on other marine animals. 


PLATYHELMINTHES PHYLUM— “Flatworms” ? 
Unsegmented, flattened worms with no distinct head or legs; body with bilateral 
symmetry; paired nerve centers; no circulatory system. Reproduce asexually (by 
budding) or sexually; sexes not separate. Often parasitic. 


Turbellaria Class Small; move by cilia; not parasitic. PLANARIA. 
Wrigglers 
Trematoda Class Young are free; adults are parasitic and are attached to host. LIVER FLUKE 

Hole animals 
Cestoda Class Long, narrow flatworms; hooks or suckers for attachment; no digestive 
Girdle animals tract; all parasitic. TAPEWORM. 


NEMERTEA PHYLUM—“Nemerteans" (from Neumertes, a sea nymph in Greek 


ee bilateral 
FI ivi i ions, or segments; body with bilateral sym- 
attened worms not divided into sections, or seg porte rove by means of cilla. 


metry; circulatory or other organ systems; brain in ' i 
Reproduce sexually or esexcally: sexes separate. Have larval stage. Marine, not 
Parasitic. LINEUS. 


MESOZOA PHYLUM—‘‘Middle Animals” 


Small, wormlike; bilateral symmetry; body solid. Reprod 
Marine; parasitic on other marine life. DICYEMA. 


ASCHELMINTHES PHYLUM— "Sac worms” nth 
ree or attached. Body with bilateral 


Small, slender, often microscopic forms; f | 
symmetry; digestive tract and other organs. Reproduce by eggs; sexes separate; 
No larval stage. Marine and freshwater. 


uce by fission or sexually. 
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Rotifera Class Tapering body; disk with cilia at front end for moving and feedin 
Wheel-bearers free-living; some are parasitic. ROTIFER. 


Gastrotricha Class Wormlike; provided with cilia; no jaws; mouth bristly. CHAETO 
Hairy-stomach animals 


Kinorhyncha Class Spiny, cylinder-shaped worms; circled by rings. ECHINODERA 
Jaw-moving animals 


Nematomorpha Class Long, very thin worms; larvae infest insects. HAIR SNAKE 
Thread-shaped animals WORM. 


NEMATA PHYLUM—"'Thread animals” 


Round, tapered, thin worms; not segmented; may be parasitic. Sometimes treated 
as a class of Aschelminthes. ROUNDWORM, HOOKWORM. 


ACANTHOCEPHALA PHYLUM—‘“‘Spine-headed animals” 

Elongated worms with spines at front end; body with bilateral symmetry; no diges- 
tive tract; circular body muscles; degenerate. Reproduce by eggs; sexes separate 
Parasitic. ECHINORHYNCHUS. 


PHORONIDA PHYLUM—'Phoronians” (from Phoronis, a name given to lo, a 
maiden in Greek mythology) 

Attached, unsegmented tubular worms with crown of tentacles; body with bilateral 
symmetry; organs well developed, U-shaped digestive tract. Colonial. Reproduce 
by eggs; sexes not separate; larval stage. Marine. PHORONIS. 


BRYOZOA PHYLUM—‘‘Moss animals” 


Minute, attached; form mosslike colonies. Each individual in a small hardened 
cup. Body with bilateral Sinmetty, U-shaped digestive tract and other organs; 
tentacles around mouth. Reproduce asexually (budding) or sexually; sexes not 
separate; larval stage. Marine and freshwater. HO NERA, LICHENOPORA. 


ENTOPROCTA PHYLUM—“‘Animals with interior opening” 


Small, attached mosslike forms. Body with bilateral symmetry; various organ sys- 

tems; U-shaped digestive tract; tentacles with cilia surrounding mouth and waste 

opening. Colonial or single; reproduce by eggs; sexes separate: have larval stage. 
arine and freshwater. URNATELLA. 


Attached shellfish; bivalve shell with bilateral symmetry; tentacular arms inside 

pe aane al Cortana ere by eggs: Sexes separate; larval stage. Not 
i each individual attached to sea bottom b Stalk. ine. 

common as a fossil. LAMP SHELL. ; aa Nuch more 


tubes for circulating water; tube feet for locomotion or breathi ial; 
' ing. Not colonial; 
attached or free. Reproduce by eggs; sexes separate; larval stage. Dating 


iost are 


JS. 


IÌSEHAIR 


Sreliaroldoa para STARFISH, Saer more flexible arms, or rays. Active; prey on other animals. 
Tesi ning SEA RETA AL ng arms: stn sory Fre 
noe Watee boner oth sl pes mare branched tentacles around mouth. Free or 
SARs aani extending Tram bah he eatin FEATHER STAR, branched aims 
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CHAETOG  &THA PHYLUM—"'Bristle-jawed animals” 


Small, el” ted worms with finlike appendages; bristles around mouth; body 

with bilat symmetry: ea ae and brain; no developed circulatory, 

waste, an eathing systems. Reproduce b s; Sexes not separate. Carnivo- 

rous. Mar. ARROW WORM. te Ẹ N 

MOLLUS ‘HYLUM—“‘Soft-bodied animals” 

The fami hellfish. Body unsegmented, with bilateral symmetry; mantle around 

body. Of ith inner or outer shell, single, bivalve or compound; organs well 

develop: rvous system. Free or attached; not colonial. Reproduce by eggs; 

sexes us separate; larval stage. Inhabit land and water. 

Polyplac ı Class Simple, primitive forms, with convex, compound shell composed of many 


Man d animals plates or spines. Creeping animals; marine. CHITON. 
Bivalvia í Bivalve shell; no head; massive footlike appendage; usually attached to 
Biva! imals bottom. Marine and freshwater. OYSTER, CLAM, SCALLOP. 
Scaphop lass Elongated forms with tubular shell open at both ends; no head; foot and 
Boat ted animals tentacles. Burrowing; marine. TOOTH SHELL. 
Gastropc TEI Single shell, usually coiled, or no shell. Inner organs twisted around; head, 
Belly d animals jaws, and tentacles; creep on large solelike foot; some swim by fins. Found 
in water and on land; some breathe air. SNAIL, SLUG, CONCH. 
Cephalo Class Actively swimming forms with or without inner or outer shell; straight or 
Hea ed animals coiled, Many tentacles; head and eyes. Spurt out water in jets. All marine. 
May be tremendous in size; include largest invertebrates. CUTTLEFISH, 
OCTOPUS, SQUID, NAUTILUS. 
ANNEL(® » PHYLUM—‘Ringed animals” 
Worms long, segmented bodies; bilateral symmetry. Various organs devel- 
oped; br and nerves; closed circulatory system. Often have bristles or other 
paired a dages for locomotion. Reproduction sexual or asexual; sexes sepa- 
rate or parate; often have a larval stage. Found in seas, streams, soil. Some 
species itic. 


Polychaeta Class 
Many-Uristled animals 


Oligochaeta Class 
Few-bristied animals 


Hirudino 
Leeches 


Class 


Bristles for movement; head tentacles; some forms free-swimming. Marine. 
SEA MOUSE, SANDWORM, DINOPHILUS. 


Few bristles or appendages; found in water and soil. EARTHWORM. 


Flattened body, with sucker at each end; usually no other appendages. 
Parasitic; found in streams. LEECH. 


SIPUNCULA PHYLUM—“‘Tubelike animals” 


Small, nonsegmented worms; bilateral symmetry; 
organs present; tentacles. Reproduce by eggs; 


rine. PEANUT WORM. 


PRIAPULIDA PHYLUM—‘Priapuslike animals” 


Thick worms, with no internal segmentation; bi 
larged and provided with spines. Various organ 


body can be contracted; various 
sexes separate; larval stage. Ma- 


lateral symmetry; front end en- 
s, but many disappear in adult 


stage. Reproduce by eggs; sexes separate. Burrow in mud; marine. PRIAPULUS. 


ECHIURA PHYLUM—“‘Adder-tailed animals” 


ot segmented; show bilateral symmetry. 


Thick, pi ; dy n r 
foe ee eeheped worms t Ay EE ong snout or proboscis. Reproduce by 


Various or ; body bristles; a : 
us sexes distinct Bil pre? may be parasitic in female. Burrowing; marine. 
ECHIS. í 
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ARTHROPODA PHYLUM—‘‘Joint-footed animals” 

Body with bilateral symmetry; usually divided into distinct segments, which may 
be absent, inconspicuous or fused together. Numerous paired appendages; nerve 
cord and brain; eyes simple to compound or may be absent. Antennae may be 
present. Body and limbs often covered with hardened outer skeleton or case 
which is periodically shed to allow for growth, Usually reproduce by eggs; sexes 
generally separate; larval stage often occurs. 


Crustacea Class 
Shell animals 


Arachnida Class 
Arachne animals 


Merostomata Class 
Part-open animals 


Chilopoda Class 
Lip-legged animals 


Diplopoda Class 
Double-footed animals 


Onychophora Class 
Claw-bearing animals 


Pycnogonida Class 
Thick-kneed animals 


Pentastomata Class 
Animals with five 
Openings 


Symphyla Class 
Grouped-together 
animals 


Pauropoda Class 
Small-footed animals 
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Head and thorax united; antennae; jaws and other appe 
branched; shell hard. Mostly marine and freshwater. CRAB, | 


Eight legs and other appendages; often supplied with poison 
suck prey or host. Live mostly on land. SPIDER, SCORPION 


Head and thorax fused; 24 appendages; unsegmented belly w 


long, pointed tail; broad, horseshoe-shaped shell. Marine. T 
rypterids are placed in this class. KING (HORSESHOE) CRA 


Head and long, segmented body, antennae; many legs; live 
CENTIPEDE. 


Animals with short head and thorax and many legs. Live 
MILLIPEDE. 


Long, wormlike, with no distinct head; many legs; live on 
RIPATUS. 


Body small; segments may be fused; no jaws; head append 
long legs. Mostly marine. SEA SPIDER. 


Small, wormlike, unsegmented; head and thorax fused; no a 


hard covering; internal organs absent or reduced; mouth | 


hooks, Parasitic on vertebrates. LINGUATULA. 


Long, colorless, wormlike; no eyes; antennae; jaws; 24 leg 
ground in gardens and feed on vegetables, GARDEN CENTIPE 


Small, segmented, wormlike; no eyes, antennae; 18 to 20 leas 
soil under rocks and logs. PAUROPUS. : 


Centipedes are 


land. 


Jes, some 
STER. 
ad; bite or 


h 12 legs; 
xtinct eu- 


y on land. 


y on land. 


soil. PE- 


ight to 12 


idages; no 
»vided with 


abit damp 


Inhabit damp 


multi-legged 


arthropods that live mostly on 


Most successful and advanced of the invertebrates. Have head, thorax, and 
abdomen; six legs and usually wings attached to thorax; some wingless 
varieties. Antennae; jaws and mouth varied; eyes simple to compound or 


absent. Lay eggs; found everywhere. 


TARDIGF OA PHYLUM—"'Slow-moving animals” 

Tiny, slu unsegmented animals with eight stumpy legs ending in claws, pegs, 

or adhe: disks; move with a lumbering, bearlike gait. No blood vessels or 

breathin: ans. Marine and freshwater. WATER BEAR. 

HEMICH OS SATA PHYLUM—‘‘Animals with half chords” 

Wormlik ns with gill slits and a body divided into three regions; a proboscis 

contains utgrowth of the digestive tube known as the hemichord, which is 

probably homologous to the notochord of higher vertebrates. Marine. ACORN 

WORM 

CHORDA PHYLUM—“‘Animals with notochord" 

Body wit! ateral symmetry; minute to huge in size. Nerve cord with supporting 

notoch« ong back, enclosed with bone in higher forms; brain in most; organ 

systems je well developed, particularly nerve system; appendages may occur. 

Reprod on usually sexual, asexual in lower forms; sexes separate or combined; 

larval st vay be present. Found almost everywhere. 
Tunicata Subphylum Adult often with outer covering; free or attached; sometimes colonial; few 
Tunic animals chordate characters in adult but present in larva, which has notochord in tail. 


Ceph hordata 


Subphylum 

Heac tochord animals 
Verte ta Subphylum 
Animais with backbone 


Agnatha Class 
Jawless animals 


Chondrichthyes Class 
Soft-boned fish 


Osteichthyes Class 
Hard-boned fish 


Amphibia Class 
Land-and-water animals 


Reptilia Class 
Creeping animals 


Aves Class 
Birds 


Mammalia Class 
Animals with breasts 


Reproduce sexually or by budding. Marine. Also called Urochordata. AP- 
PENDICULARIA, ASCIDIAN, SALPHA. 


Fishlike forms with complete notochord and nerve cord; gill slits; no true 
head; fins. Marine. LANCELET. 


Bone segments around nerve cord (spinal column); notochord absent in 
higher forms; internal bone skeleton; head, brain, senses well developed. 
Breathe by gills or lungs. Reproduction mostly sexual; lay eggs or bear live 


young. 
Fishlike forms with no jaws and no scales; skeleton cartilaginous; spinal 


column very simple; toothed mouth, round and suckerlike. Mostly parasitic. 
Extinct armored forms were first vertebrates. LAMPREY, HAGFISH. 


Jawed fish with cartilaginous skeleton; scales; fins paired. Marine. SHARK, 
RAY. 


True jawed fish with bony skeleton; scales; fins paired; gills; air bladder. 


dapted to life in water and on land; some limbless; lay 


tly four-legged, a ; 
eet ag rva has gills; adult with lungs or gills. 


eggs in freshwater. La 


‘ompletely adapted to land living, though some have returned to water; 
on te or y four limbs or legless; skeleton bony; heart incom- 


pletely four-chambered; lungs. Lay eggs. 


d at constant temperature (warm-blooded); heart four-chambered; 
tug forelimbs serve as wings; some flightless; walk on hind legs; jaws 
developed into beak, usually toothless; skin with feathers. Lay eggs. 


imbed body covered with hair; blood temperature constant; 
s; skull bones fused; brain highly developed. 
ilk from breasts. Sexes sepa- 


Generally four-l 
four-chambered heart; lung > 
Most bear young alive and suckle them with m 


rate. 
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Glass model of Amoeba proteus. This protozoan, which is cor 
water, resembles a mass of living jelly. It moves about by extend 


y 


Americon M Jotural History 


) in fresh 
fingerlike 


projections of its substance and flowing into them. 


THE PROTOZOANS 


When a drop or two of pond water is 
viewed through a microscope, a fascinating 
world in miniature is revealed—a world 
populated by a host of minute organisms. 
Many of them are tiny creatures called pro- 
tozoans, which range in size from several 
microns to a few millimeters. (A micron is 
equal to 1/1,000 of a millimeter.) 

Protozoans have often been described 
as single-celled animals, with a simple orga- 
nization. This definition is not quite exact. 

For one thing, a certain number of pro- 
tozoan species are plantlike in one impor- 
tant respect: they possess pigments by 
means of which they can manufacture 
foods through the process of photosynthes- 
is. These species are often classified as al- 
gae. Yet they are closely related to other 
protozoan species that lack pigments, can- 
not manufacture food, and must obtain it 
after the fashion of animals. 

Perhaps it would be best to consider 
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protozoans, together with .the algae, as 
connecting links between the plant and 
animal kingdoms. 4 
Is the protozoan single-celled? It is 
true that most protozoans consist of a sin- 
gle unit of protoplasm containing a nucleus 
and surrounded by a cellular membrane oF 
wall of some kind. But some forms, as We 
shall see, have a great many nuclei. Others 
consist of colonies made up of a number of 
individuals. ; 
The protozoan can hardly be called a 
simple organism. This becomes eviden 
when we compare it with the specialize 
cells in the bodies of multicellular, or many- 
celled, animals. In the latter, each type © 
specialized cell forms a different kind of tis- 
sue. The tissues make up the different or- 
gans by means of which the animals movè 
about, catch and chew and digest food, cit 
culate body fluids, breathe, eliminate 
wastes, reproduce, and so on. In the proto- 


eşe activities occur within the 


zoan, al! 

tiny blob ©! protoplasm of which its body 
consists. me of these processes take 
place in cial structures called organ- 
elles. T} scialized cells of multicellular 
animals > no independent life of their 
own. Th- protozoan is completely self- 
sufficien 

It is S-cause they are comparatively 
comple t protozoans can adapt them- 
selves t vide range of environments. 
They fi in fresh or stagnant perma- 
nent p in semipermanent rainwater 
ponds, i» arshes, and in streams. Many 
inhabit ı moist soil, brine pools, and 
hot sprin here temperatures range from 
35° to 6 \sius. Protozoans are abundant 
in the s¢ rom the open surface waters to 
the bott uck. They are found even in 
snowdri Viany species live as parasites 
in the t cavities, tissues, and cells of 
animals -< plants. 

The ire at least 15,000 to 20,000 
protoz¢ vecies. They have not yet been 
adequa classified. However, we can 
divide ņ yzoans into four major groups: 
flagellat »moebalike protozoans, spore- 
producins protozoans, and ciliates. 


Alga- and fungi are quite closely re- 


lated to e of these forms. The multicel- 
lular animals probably evolved from the 
flagellat r ciliates. 


THE FLAGELLATES 


The flagellates form the subphylum 
Mastigophora. They possess one to several 
long filaments called flagella (singular: fla- 
gellum). These are usually attached to the 
front end of the body. 

A flagellum may be used for swimming 
or for creating water currents that bring in 
food. It may also serve as a sensitive organ- 
elle for exploring the environment. In 
swimming, the flagellum ordinarily makes 
first a sidewise or backward beat and then a 
relaxed recovery stroke to the forward po- 
sition again. This causes the organism to 
iy forward, often in a more or less spiral 
Path. 

The body of the flagellate usually as- 
sumes a definite shape and is covered by a 
firm pellicle, or skin. Some species may be 


encased in a shell, a cover of plates, or 
some other kind of armor. Often a flagellate 
will develop pseudopods, or ‘“‘false feet,” 
which are formed by a flowing of the organ- 
ism’s protoplasm. Such a flagellate moves 
as its protoplasm streams into the newly 
formed pseudopods. These ‘“‘false feet” are 
only temporary extensions of the proto- 
plasm. 

Flagellates are divided into plantlike 
and animallike forms. The plantlike forms 
possess chromatophores, structures that 
contain the green pigment chlorophyll. In 
many species this green color is masked to 
some extent by red, brown, or yellow pig- 
ments. The plantlike flagellates manufac- 
ture their own food—carbohydrates and 
protein—from carbon dioxide, water, salts, 
and the energy derived from sunlight. 

The flagellates readily form cysts. That 
is, they become rounded and secrete a more 
or less impermeable membrane over the 
body surface. In this stage the organism 
remains alive even though the cyst may be 
thoroughly dried and blown about by the 
wind. Many species of protozoans are 
widely distributed over the world because 
they are transported as cysts by the wind or 
on the feet of wading birds. 

Besides forming protective cysts, 
many plantlike flagellates enter upon what 
is called the palmella stage. In this, the 
body becomes round and the flagella are 


A typical dinoflagellate. The body wall is grooved 
by an encircling girdle, and several long flagella 
extend out from the main part of the body. 

Eric V, Grave/PR 
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K N- : p « 
Marine Reseorch Laboratory, Florida Dept. of Natural Resources 
lost. The organisms then grow and repro- 
duce by fission (splitting the body in two), 
forming extensive green scums on ponds 
and other bodies of water. 

Plantlike flagellates. The plantlike 
flagellate Chromulina is quite simple. This 
animal, commonly found in fresh water, is 
naked—that is, it has neither pellicle, nor 
shell, nor other such covering. It is spher- 
ical or oval in shape. It has only one flagel- 
lum and one or two yellow-brown, bandlike 
chromatophores. Sometimes Chromulina 
occurs in such numbers that the water is 
colored a golden brown. This flagellate is 
apparently closely related to certain brown 
algae and to the diatoms. 

Cryptomonas is a somewhat more 
complex organism, having two flagella, a 
single yellowish to brown-green chromato- 
phore, and a distinct gullet. Its body is 
flattened, oval in shape, and surrounded by 
a firm pellicle. 

The dinoflagellates are unique among 
plantlike flagellates in that the body wall is 
grooved by an encircling furrow, or girdle, 
and a longitudinal furrow. Each of these 
furrows contains a flagellum. Usually there 
are two pink cavities called vacuoles within 
the body. Canals lead from them to the out- 
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Cape Ann Socie o Sciencon, 


Marine Research Laboratory, 


Florida Dept. of Natural Resources Inc. Glouceste 
Some species of dinoflagellates, su 5 the two 
shown above, Gymnodinium bre and Gon- 
yaulax tamarensis (right) produce pc that dis- 
color the water, producing a “red tide t can kill 
enormous numbers of fish. Such tide oc- 
curred in Florida's Tampa Bay 

side. The vacuoles serve to dr | nutri- 
tious liquids and possibly so irticles. 
The chromatophores, when pr t, range 
from yellow-brown to blue-gre The body 
surface may be naked, or covered with a 
thin cellulose wall, or armored a thick 
cellulose wall that is divided plates. 
Most dinoflagellates are marine anisms. 
They form part of the plankt he pas- 
sively floating or weakly swin g plant 
and animal life of a body of v Many 


dinoflagellates produce poisons that kill 
enormous numbers of fish. 


The plantlike flagellate C/ domon- 
as belongs to a freshwater gro ı which 
the chlorophyll, when present, is not 
masked by other pigments. Th organ- 
isms, therefore, are usually grass-green in 
color. Chlamydomonas is smal d oval- 


shaped and has two flagella. A red form of 


Chlamydomonas is found in melting snow, 
giving the snow a red color. 
Eudorina is an odd-looking, flagellate. 


It is made up of 32 individual organisms 
arranged, in loosely packed form, near the 
surface of a jellylike sphere. Eudorina is 
closely related to Volvox, which is gener- 
ally considered to be an alga. 

Euglena is another freshwater green 
flagellate that is sometimes classified as a 
plant. There are many species of Euglena; 
they are usually spindle-, cigar-, or oval- 
shaped. One flagellum arises from the wall 
of a flask-shaped gullet at the front end of 
the body. In the presence of light, Euglena 
uses its chorophyll to manufacture carbo- 
hydrate. In darkness, or if it loses its chlo- 
rophyll, Euglena must absorb organic acids 
or other organic sources of carbon in order 
to produce its carbohydrate. 


Peranema is very much like Euglena 
but it is co!orless and has a mouth opening. 
A pair of rodlike structures extend along- 
side the gv!'ct and serve to support the 
mouth w! food is being drawn in. This 
rod appat may also be used for piercing 
Peranema's prey. 

Anir flagellates. None of the ani- 
mallike f lates have chromatophores 
and, the! they cannot manufacture 
their owr |. Some forms, especially the 
parasitic absorb dissolved food ma- 
terials fr he medium in which they live. 
Most sp however, feed on micro- 
organism nutritious particles in the 
water. ood material is digested in 
food vac that form within the flagel- 
late’s pr ism. In general, the body 
shape of t nimallike flagellates is rather 
plastic, w 10 cellulose wall. 

Among the most important flagellates, 
as far as le are concerned, are several 
species o senus Trypanosoma. Trypano- 
soma gat ise is the cause of sleeping 
sickness s a slender, curving body that 
tapers at | ends. The single flagellum is 
attached ighout the length of the body 
by a thin ‘ayer of pellicle. This forms a 


membran t undulates when a wave 


passes down the flagellum. Trypanosomes, 
as member the genus Trypanosoma are 
called, are sucked up with the blood when a 
tsetse fly bites an infected host. The trypa- 
Nosomes undergo development first in the 
gut and then in the salivary glands of the fly. 
Finally, when the fly bites another victim, 
the flagellates are introduced into the blood 
Stream of the new host. They invade the 


Euglena are comm i mmont 
common one-celled organisms co ly 
k urface. They have plant char- 


n photosynthesis, as well as 
Ilum used for movement. 


Eric V. Grave/PR 


Di 


ponds, often forming a green scum on the water's si 
acteristics: chloroplasts and the ability to carry O! 
animal characteristics: a long whiplike flage! 


lymph nodes and sometimes the cerebro- 
spinal fluid (a fluid in the brain and spinal 
cord), causing sleeping sickness. 

Trypanosoma cruzi is the cause of 
Chagas’ disease, or South American trypa- 
nosomiasis, which affects the muscles, 
heart, and nervous system. Other trypano- 
somes are found in the blood of fish, am- 
phibians, reptiles, birds, and mammals. 

Bodo, a somewhat different flagellate 
but apparently related to Trypanosoma, is a 
small, oval-shaped organism that inhabits 
stagnant fresh water. It has two flagella, 
one of which is trailed in swimming. 

In fresh water we find two strange 
kinds of flagellates, Codosiga and Proto- 
spongia. These organisms have an oval- 
shaped body surmounted by a collar which 
encircles the base of the single flagellum. 
The collar, a membrane made of proto- 
plasm, is a device for obtaining food. Food 
particles or bacteria adhere to the collar 
and slowly pass down it to the body proper. 
In Codosiga, a number of these transparent 
collar cells, as they are called, cluster at the 
end of a simple or branching stalk. Proto- 
spongia is a colony of from 6 to 60 or- 
ganisms embedded irregularly in a gelati- 
nous mass. The collar cells occur at the 
surface of the mass. The organisms on 
the inside are collarless. The only other 
animals with collar cells are the sponges. 
It may be, therefore, that the sponges 
evolved from organisms similar to Pro- 
tospongia. 

Various flagellate species belonging to 
the genus Trichomonas inhabit the intes- 
tines of vertebrates. They feed mostly on 


found in freshwater 
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bacteria and yeasts found in this environ- 
ment. In human beings, different forms of 
Trichomonas are found in the mouth, co- 
lon, and vagina. A typical Trichomonas is 
small, oval in shape, and has four free fla- 
gella; a fifth flagellum is attached to an un- 
dulating membrane. 

The large animallike flagellate Tri- 
chonympha lives in the gut of termites. 
Here it digests wood fragments swallowed 
by the termite and makes some of the prod- 
ucts of this digestion available to the insect. 
If the termite loses its flagellates, it will die 
of starvation, even though it continues to 
swallow large quantities of wood. Tricho- 
nympha is a bell-shaped organism covered 
with a great number of flagella. It is one of 
the most complex of the flagellates. Closely 
related forms inhabit the alimentary canal 
of cockroaches and woodroaches. 


AMEBALIKE PROTOZOANS 


The amebalike protozoans, or Sarco- 
dina, float or creep about in their liquid en- 
vironment. A thin membrane surrounds the 
protoplasm of the body, allowing for the 
formation of pseudopods. These “false 
feet” are used both for movement and for 
capturing food. Some species are plastic, 
naked organisms. Others develop internal 
or external skeletal structures that protect 
the body and give it some rigidity. The Sar- 


Trypanosoma gambiense, the slender, curving fla- 


gellate that causes sleeping sickness. Magnified 
2,500 times in this photo. g 
Wolter Dawn, Audubon/PR 
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codina live almost entirely on small organ- 
isms such as other protozoans, tiny multi- 
cellular animals, and algae. 

Perhaps the best-known of the Sarco- 


dina is Amoeba, a freshwater form. It is 
quite large as protozoans go, ranging up to 
three-fifths of a millimeter in size. Amoeba 
puts forth one to several fingerlike pseudo- 
pods. The protoplasm of the body contains 
a nucleus, numerous food vacuoles, gran- 
ules, crystals, and a contrac vacuole. 
The contractile vacuole is a s of water 
pump. Since Amoeba lives in h water, 
water diffuses into its body from the exter- 
nal environment. The contrac vacuole 
pumps this excess water out, prevent- 
ing Amoeba from swelling un: ind per- 
haps bursting. Contractile les are 
found in all freshwater protoz 

The giant ameba, Chaos ; several 
hundred small nuclei. This 3al may 
grow to be as much as five limeters 
across. 

Various amebas are found in people. 
Entamoeba histolytica occurs in the human 
large intestine and is responsible for the 
disease known as amebic dysentery. This 
ameba secretes a substance that dissolves 
the intestinal lining. The ameba then enters 
the connective tissue and muscular layers, 
where it feeds on blood cells and tissue-cell 
fragments. It may invade the liver, where it 
Trichonympha flagellates live in the guts of ter- 
mites, digesting the wood fragments swallowed by 


the termites as they feed. 
V. GravejPR 


Eric V. Grave/PR 
The giant ba (Chaos chaos). Two small para- 
mecia are < ming from the left toward the ameba 
and may be cuickly captured by the ameba. 
does gres mage by causing abscesses. 
Another /:):/moeba species seems to con- 
tribute to pyorrhea, one of the most serious 
disorders he teeth and gums. 

Arcella and Difflugia are amebas that 
house nselves in single-chambered 
shells. Arcella secretes a transparent to yel- 
lowish-brown shell that is made of tiny 
prisms, fitted together. The shell is formed 
of siliceous, or silica-containing, substances. 
It is domelike above and concave below, 
with a central opening through which the 
pseudopods extend. Difflugia fashions a 
globular or flask-shaped shell out of sand 
grains, which it “glues” together. Both of 


these shelled amebas occur in fresh water 
and moist soils. 

The foraminiferans are shelled amebas 
that live almost exclusively in the sea. The 
shells usually contain many chambers, for 
the young organism starts life with one 
chamber and adds new chambers as it 
grows. Many foraminiferans secrete sili- 
ceous or calcareous (containing calcium 
carbonate) shells. Others use foreign mate- 
rials that are picked up by the pseudopods 
and pulled into the body, where they are 
held together in the shell wall by a secreted 
cement. The chambers of the shell may be 
connected like a string of beads; they may 
be coiled in a flat or conical spiral like a 
snail’s shell; they may be in two or three 
alternating rows like a braid; or they may 
be arranged irregularly. The shell is just in- 
Side the body of the foraminiferan, so that a 
layer of protoplasm covers it. The pseudo- 


pods form a meshwork, which traps the 
small organisms the foraminiferan eats. 
Among the best-known foraminiferans are 
those belonging to the genus Globigerina. 
Their shells form a thick deposit, called 
globigerina ooze, on the ocean bottom. 

Other Sarcodina groups are the helio- 
zoans and radiolarians. The heliozoans are 
freshwater organisms with spherical bod- 
ies that are almost frothlike in appear- 
ance. Numerous stiff, long, and thin pseu- 
dopods radiate from the body. The radi- 
olarians are floating marine animals. They 
differ from heliozoans in that the body is 
divided into an inner central capsule and an 
outer layer, both of protoplasm. They also 
have radiating and stiff pseudopods. The 
radiolarians secrete skeletons of silicon or 
strontium sulfate, which take the form of 
radiating spines or latticed networks. The 
skeletons assume the form of spheres, hel- 
mets, disks, bells, and various other shapes. 
They form a mud deposit known as radi- 
olarian ooze on the ocean floor. 


SPORE-FORMING PROTOZOANS 


These make up the class Sporozoa. 
They are all parasitic protozoans with a 
very complicated life cycle. Spores are 
produced at some stage or other of the cy- 
cle. The Sporozoa spore is a cell that is 
usually surrounded by a resistant mem- 
brane; it is called a sporozoite. 

In general, sporozoans are incapable of 
locomotion, though the young sometimes 
move by means of pseudopods. These pro- 
tozoans absorb from their hosts such food 
materials as dissolved protoplasm, body 
fluids, or tissue fluids. 

The most famous sporozoan is Plas- 
modium, the malarial parasite. Naked spo- 
rozoites, exceedingly small and spindle- 
shaped, are inoculated into a person’s 
bloodstream by the bite of an infected fe- 
male Anopheles mosquito. Eventually the 
parasites enter the red blood cells. Plas- 
modium also causes malaria in birds, rep- 
tiles, frogs, monkeys, apes, bats, squirrels, 
buffalo, and antelopes. 

Babesia bigemina, whose sporozoites 
are inoculated by the bite of the tick, is re- 
sponsible for Texas cattle fever. Nosema 
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bombycis brings about pebrine, the fatal 
disease of silkworms. Eimeria infects 
chickens, causing coccidiosis. Sporozoan 
parasites, as a matter of fact, are found in 
almost any animal you can think of. 


THE CILIATES 


The ciliates, or Ciliophora, are so 
called because they are provided with hair- 
like processes called cilia, which serve for 
locomotion. 

The cilia are shorter and much more 
numerous than flagella. They are arranged 
on the ciliate’s body in diagonal or horizon- 
tal rows. Their action suggests that of the 
oars in a multi-oar racing hull. The cilia 
push backward for the power stroke. In the 
recovery stroke they return to the forward 


position. Since at any one time some of the 
Eric V, Grave/PR 
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Globigerina, a foraminiferan, or 


Their shells form a thick ooze on th 


Paramecium (left) is the well-know 
ciliated protozoan commonly four 


Paramecia reproduce sexually and 


ually by conjugation (below) wit! 
exchanging hereditary material 


vides; asexually (bottom) by fissior 


dubon/PR 


ameba. 


1 bottom. 


shaped 
h water, 


\lly— sex- 


jividuals 
ach di- 


dubon/PR 


cilia are engaged in the power stroke and 
some in the recovery stroke, the result is a 


continuous flow of power, and the animal 
moves ahead smoothly. 

Though the body of a ciliate may twist 
or turn to some extent, or lengthen or 
shorten, it still retains a more or less per- 
manent rhe ciliates feed on dead 
organic matter or on various live micro- 
organism 

Opa s a very much flattened ciliate 
possessing many nuclei of the same size. It 
is found in the intestine of frogs. The rest of 
the cilia possess two kinds of nuclei: 
small ones, or micronuclei, and large ones, 
or macri ei. The macronucleus seems 
to conti iny of the metabolic activities 
of the : al; the micronucleus is con- 
cerned v \e reproductive process. Most 
ciliates | ss a mouth. All of the fresh- 
water sp s have contractile vacuoles. 

Paramecium is a well-known slipper- 
shaped ciliate found in fresh water. It has 
a uniform covering of cilia and a long 
groove | ng into the mouth. Some spe- 


cies of Paramecium may reach a length of a 


third of millimeter. Paramecium often 
falls victim to one of its relatives, Didi- 
nium. This is a barrel-shaped organism, at 


the front end of which there is a projecting 
cone, with the mouth at the tip. 

In one group of ciliates—order Peritri- 
chida—we find a disk-shaped head end, 
with two or more rows of cilia surrounding 
the mouth. The beat of the cilia creates 
water currents that bring food into the 
mouth. There are few, if any, cilia on the 
rest of the body. Most species of this group 
are fixed to some attachment point by 
means of a stalk. Vorticella, a bell-shaped 
organism, is a common ciliate of this type. 

Blepharisma is a typical representative 
of the ciliate order Spirotricha. Its elon- 
gated-oval body is covered with cilia for 
swimming. Rows of fused cilia surround 
the mouth and help push food toward it. 
Spirostomum, a common freshwater rela- 
tive of Blepharisma, has an elongated, cyl- 
inder-shaped body from one to three 
millimeters in length; it is a giant among 
Protozoans. Stylonychia, another freshwa- 
ter form, has an oval body, with a flat bot- 
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Blepharisma conjugating. Conjugation is a primi- 
tive form of sexual reproduction that does not in- 
volve true sex cells. 


tom surface and a convex top surface. This 
ciliate has cirri—large, stiff bristles com- 
posed of fused tufts of cilia; they are moved 
like legs in walking. 

Epidinium, a related form, is found in 
the digestive tracts of cattle and reindeer. 
It has special structures for moving about, 
feeding, swallowing, digesting, excreting, 
and contracting, and nuclei for maintaining 
metabolism and controlling reproduction. 
There is an anus and skeletal plates for 
maintaining the body’s form. 

The protozoans known as suctorians 
are ciliates that are highly specialized for 
food capture. They are common in fresh- 
and saltwater. The young are ciliated and 
free-swimming. Adults have no cilia and 
are attached by stalks to inanimate objects, 
plants, or small animals. They lack a 
mouth. They have tentacles with which 
they seize their victims—small ciliates— 
whose protoplasm they suck. Suctorians 
may be spherical, conical, or branched in 
shape. Some are parasitic. 
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SPONGES 
AND COELENTERATES 


by Francis J. Ryan and Elizabeth J. Ryan 


Orange and blue cyaneas: in centuries 
gone by, they may have been responsible 
for some of the sea-serpent stories told by 
frightened sailors. Their bodies are more 
than two meters in diameter. Long tenta- 
cles trail behind the body. But cyaneas 
aren’t sea serpents. They are giant lion’s 
mane jellyfish. However, sailors —and 
swimmers —are right to be afraid, for the 
sting of a cyanea can be very dangerous to 
people. 

Fortunately, relatively few people 
come in contact with cyaneas. But if you 
have swum in the ocean or walked along its 
coast, you may have seen other, smaller jel- 
lyfish and their relatives, the anemones. 
You may also have seen sponges, though 
it’s probable that you did not recognize 
them, since most living sponges do not look 
at all like the bath sponges sold in stores. 

Jellyfish, anemones, and sponges are 
among the simplest of the multicellular, or 
many-celled, animals. Like all multicellular 
animals, different cells in each organism 
have different functions. Some are respon- 
sible for getting food, others for protection. 
Some specialize in movement, others in 
reproduction, 


SPONGES 


At first glance sponges resemble odd 
gelatinous plants. They are fan-shaped or 
dome-shaped, formed like vases, bowls, 
goblets, or trumpets, branched like trees, or 
flattened out in lichen fashion. They are 
animals, however, although very unusual 
ones. Basically, the Sponge is a hollow tube, 
attached at one end to a support and open 
at the upper end. Some Sponges exist in 
colonies of many individuals united to each 
other at their bases. 

A Sponges are many-celled animals lack- 
ing specialized organs and incapable of 
movement. A layer of flattened, protective 
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cells covering the body’s surfac« 
ated by tiny pores. This feature 
ble for the phylum name, Pori 
means “hole-bearing”’. 

The pores open to cana! 
through the jellylike substance 
chyme, of the body. The can 
open into a large central cavity 
complex sponges, these can 
spherical chambers and pass 
into the cavity. 

Lining the chambers or ce 
are collar cells, or choanocytes 
collar of protoplasm, which e: 


base of a whiplike structure | 


flagellum. As the flagellum 


creates a current of water. The 
many flagella causes water to en 


A young Nassau grouper finds a con\ 
in a vase sponge. 
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Sponges are nature's filtering machines. Water 
enters the internal part of the sponge through pore 
Cells, and the collar cells remove oxygen and food 
from the water. The flagella of these cells sweep 
the water toward an excurrent pore of the sponge. 


the sponge’s pores, circulate in the canals 
and chambers, and flow into the central 
cavity. Microscopic plants and animals and 
organic debris are brought in with the wa- 
ter. The food particles are drawn to the col- 
lar cells, where they are engulfed. They are 
then digested or passed on to cells that 
creep about like amebas in the mesen- 
chyme. Incoming water currents also bring 
Oxygen to the cells. 

„After water circulates in the central 
Cavity, it passes out through a large open- 
ing, the osculum. Carbon dioxide and other 
wastes discharged by the cells are elimi- 
nated in the escaping water. 

A skeletal framework supports the soft 
Mass of the sponge. This prevents the ca- 
nals from collapsing and allows consider- 
able growth. (Some sponges may be almost 
two meters high.) Special mesenchyme 
Cells secrete this skeleton, which is made 
Up of needles, called spicules, or of protein 

bers, known as spongin. 

Spicules may be either straight or 
Curved and are often pronged. They may be 
Sharply pointed, knobbed, or frayed at the 
ends. Often they project beyond the body. 
making the sponge appear bristly. The spic- 
ules, together with the unpleasant secre- 
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tions and odors produced by the sponge, 
protect it from enemies. 

Sponges probably evolved from an 
aggregate of individual protozoans, perhaps 
the choanoflagellates, which are much like 
the sponge’s collar cells. The sponge has no 
sense receptors, no nervous system. How- 
ever, it can close its pores and osculum and 
contract its body cells when harmful sub- 
stances are in the water. A unique animal 
indeed, the sponge is set apart from all 
other many-celled creatures by its simple 
structure and the somewhat specialized but 
un-coordinated cells of its body. 


REPRODUCTION 


Sponges may reproduce by sexual 
means. Special mesenchyme cells increase 
in size and become egg cells. Others divide 
into sperm cells, which are discharged into 
the water. The egg remains in the mesen- 
chyme, where it is fertilized by a sperm 
from another sponge. 

The fertilized egg becomes a flagellat- 
ed larva (a larva with flagella), which es- 
capes through the osculum and swims 
away. Soon the tiny larva attaches to a sup- 
port and begins to grow as a young sponge. 

Reproduction may also be by budding. 
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Cells grow out from the body and develop 
into miniature sponges. Depending on the 
species, these either remain attached as 
members of a branching colony or drop off 
from the parent to lead an independent life. 

Some sponges form internal buds 
called gemmules. These are small masses 
of food-enriched mesenchyme cells, pro- 
tected by a resistant coat and often 
strengthened with spicules. Gemmules are 
commonly produced by freshwater 
sponges—those dull-colored or greenish ir- 
regular blobs that grow on submerged 
leaves and water-soaked logs in the clean 
water of lakes, ponds, and streams. When 
the parent sponge dies, the gemmules with- 
stand freezing and drying. They grow into 
adults when conditions for sponge life again 
become favorable. 


TYPES OF SPONGES 


Sponges are grouped into three 
classes, depending on the type of skeleton 
they possess. Members of the class Cal- 
carea secrete spicules of calcium carbon- 
ate. Members of the class Hexactinellida 
have siliceous spicules—that is, spicules 
made of silica, which is familiar to us as 
quartz or sand. They are known as glass 
sponges. Deep-sea glass sponges form a 
skeletal network suggesting spun glass. 

The third class, Demospongiae, have 
either siliceous spicules, a skeleton of spon- 
gin, or a framework made of both spicules 
and spongin. Some have no skeleton at all, 
The Demospongiae are the most common 
Sponges. They include the freshwater 
Sponges and the boring sponge, which pro- 
tects itself by etching its way into rock and 
mollusk shells. The sponge that we use in 
our homes—the bath sponge—is not the 
whole animal but only its framework of 
spongin, which is elastic, chemically inert, 
and similar to silk and horn. 

One genus of sponge, Suberites, grows 
on empty snail shells that house hermit 
crabs. The sponge absorbs the shell. There- 
after it serves as a covering for the crab as 
the crustacean moves about. This arrange- 
ment is mutually beneficial. The crab gains 
protection; the sponge is transported from 
one place to another by the crab and thus 
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Stony corals like this staghorn coral sucrete a hard, 
calcium-containing skeleton 
comes in contact with new soi of food. 

Most sponges are veritabl partment 
houses’ for a host of ani Marine 
worms, pistol crabs, shrimp d slender 
fishes find a haven in the canals and cham- 
bers; barnacles attach them »s to the 
surface. They all get food from the water 
passing through the sponge’s bod) 

COELENTERATES 

The phylum Coelenterata, or Cnidaria, 
includes the hydroids, jellyfish, and sea 
anemones. The phylum name comes from 


Greek words meaning ‘hollow intestine.’ 

Like sponges, coelenterates are essen- 
tially tubular animals with a central cavity. 
Here food is digested as well as circulated; 
therefore, it is called the gastrovascular 
(digestive and circulating) cavity 

Food enters by the mouth at the upper 
end of the body and is broken down by 
enzymes secreted by gland cells. The nu- 
trients then diffuse into the body. Often 
food is only reduced to particles, which are 
engulfed and fully digested, as with the 
sponges, by certain cells lining the cavity- 
The beating of flagella gives rise to water 


currents, which bring in food particles and 
oxygen, Countercurrents carry wastes out 
through the mouth. 

The outer surface of the body consists 
ofa layer of tightly packed protective cells. 
Interspersed in this layer are sensory cells, 
sensitive to touch and chemical substances, 
and specialized cells called thread capsules, 
or nematocysts. Each nematocyst contains 
a fluid under pressure and a spirally coiled, 
hollow thread. When the capsule is stimu- 
lated by touch, and possibly by chemicals as 


well, the | id is forcibly ejected. Some of 
these threads pierce the coelenterate’s prey 
and then inject a benumbing poison into it. 
Other threads either stick to the prey or 
wrap around its appendages. Nematocysts 
are very abundant on the coelenterate’s 
tentacles, which grow as a crown around 
the mouth. Once prey is paralyzed and held 
fast by the threads, the tentacles enfold it 
and draw it into the mouth. 

Between the surface cells and those 
lining the gastrovascular cavity is a layer of 
supporting jellylike substance. Mesen- 
chyme cells are found in this layer. These 


are unspecialized cells that form nemato- 
cysts and sex cells. Numerous nerve cells 
lie below the outer covering and join to- 
gether to form an extensive nerve net. 

The animal just described—a sort of 
living tube crowned with tentacles—is 
known as a polyp. The different types of 
coelenterates are merely variants of this 
polyp form. They are grouped into three 
classes: Hydrozoa, the hydroids and fresh- 
water hydras; Scyphozoa, the jellyfishes: 
and Anthozoa, the sea anemones and corals. 


THE HYDROIDS 
Hydroids consist of hundreds of tiny 
polyps united by a stalk to form a branching 
Food and water 
Fertilization 


Tentacle 


colony. The gastrovascular cavity of each 
polyp joins with that of the stalk so that 
there is a cavity common to the entire colo- 
ny. Often the stalk and polyps are held 
erect and protected by a horny sheath. 
Hydroids feed on minute worms and vari- 
ous small crustaceans. 

A hydroid colony resembles a fern or 
other “feathery” plant. Such colonies are 
commonly found attached to wharf pilings, 
rocks, and kelp. The colony reproduces by 
giving off buds. Some buds form a mouth 
and a circlet of tentacles at the tip to be- 
come what are known as feeding polyps. 
Others develop into reproductive polyps; 
they have neither mouth nor tentacles but 
produce tiny saucerlike appendages. When 
mature, these saucers break off and swim 
away. They are called medusas. They look 
like miniature jellyfish with tentacles hang- 
ing from the rim of the saucer. 

The function of the medusas is to re- 
produce sexually. Sex cells, on the under- 
side of the saucer, produce eggs or sperm, 
which are shed into the water where fertil- 
ization takes place. Each fertilized egg be- 
comes a ciliated larva—one provided with 
hairlike processes called cilia. The larva 


Below left: the reproductive form of some hy- 
droids looks like a small jellyfish. Below right: a 
hydroid colony resembling a feathery plant with 
the polyps of the colony joined by a common stem. 


Reproductive 
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swims about for a time before attaching it- 
self and forming a polyp. The polyp then 
buds and a new hydroid colony is pro- 
duced. The process whereby the colony 
forms asexual buds that give rise to sexual- 
ly reproducing organisms is called alterna- 
tion of generations. This behavior, which is 
also found in plants, serves to spread the 
species into new localities. : 

Some species of Hydrozoa have insig- 
nificant polyps; the medusa is the conspicu- 
ous stage in their lives. Others flourish as 
hydroid colonies producing only attached, 
degenerate medusalike structures that shed 
eggs and sperm into the water. 

The freshwater hydra, a minute indi- 
vidual polyp, does not go through a medusa 
stage. Instead, the fertilized egg remains 
affixed to the outside of the body until a 
heavy membrane forms around the embryo. 
Then it separates from the parent and later 
develops into a young hydra. The hydra 
also produces asexual buds that grow from 
the body, form tentacles, and finally pinch 
off from the parent. 

Hydras prefer the clean waters of lakes 
and ponds, where they feed on tiny worms, 


The jellyfish moves through the water by rhythmi- 


cally contracting its bell-shaped gelatinous body 
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insect larvae, young fish, and microscopic 
crustaceans. They glide along ` bottom 
and on submerged plant stems by creeping 
movements of the cells at the > of the 
body. They also move by sc saulting, 
First, they bend over and attac! ir tenta- 
cles to a support while releas ie base. 
Then they swing the base ov 1 attach 
it, freeing the tentacles, and so 

The coelenterate known Portu- 
guese man-of-war is related tc ydroids 
and hydras. It is a complex cc | animal 


supplied with a crested, ga d float, 
from which hang feeding poly; sters of 
attached medusas, and long, | g tenta- 
cles armed with stinging thre: ules. 


THE JELLYFISHES 


The typical jellyfish has shaped, 
gelatinous body. Under the c | part of 
the bell is a short process ring the 
mouth. The corners of the mouth are pulled 
out into grooved oral arms > carry 
nematocysts that paralyze =< ntangle 
small aquatic animals. The p s swept 
along the ciliated grooves o arms, 
through the mouth, and into t pacious 
gastrovascular cavity, which |! yranched 
radial canals going to the margin of the bell. 
Numerous tentacles fringe the > of the 
bell. Sense organs that are sens to light, 
chemicals, and the directions í ovement 
are also located on the bell’s margin. The 
jellyfish weakly swims by rhyt! ally con- 
tracting its bell. 

Ovaries or testes, as the c may be, 


lie on the floor of the gastrovascular cavity. 
Sperm are released in the water and ferti- 
lize the eggs in the cavity of another jelly- 
fish. Each fertilized egg then lodges ina fold 
of an oral arm, where it develops into a cil- 
iated larva. This escapes and grows into an 
inconspicuous polyp. Eventually the polyp 
develops a number of horizontal constric- 
tions, so that it comes to look like a pile of 
saucers. The saucers break away as medu- 
sas and develop into adult jellyfish. 


SEA ANEMONES AND RELATIVES 


The stout-bodied sea anemone is 4 
noncolonial polyp that attaches to rocks oF 
shells and rarely changes its place. Tenta- 


cles rim the upper part of the animal and 
surround the mouth, which leads to a gullet. 
Below this is the gastrovascular cavity, 
which is < led by partitions. These in- 
crease the digestive capacity of the animal 
so that la rey, such as crabs and fish, 
can be consumed. 

The s nemone can reproduce itself 
by dividin; body in half longitudinally. 
Sometime ». as the animal slides along 
onits slim sal disk, or foot, fragments of 
its body are left behind. Small anemones 


are regenerated from these pieces. Eggs 


and spern e produced on the partitions 
of the ga vascular cavity and are re- 
leased throush the mouth. Ciliated larvae 
develop fr the fertilized eggs and form 
single anemones. There are no medusas in 
the anemc life cycle. 

The s corals are colonial animals 
similar to nones. They remain attached 
to one spot and secrete cups of calcium 
carbonate o which they can retract. 
Stony cor re found in deep, cold water, 
but it is only in the tropical and subtropical 
seas that they contribute to the building of 
reefs, 

_The anemones and stony corals have 
various kin. These include the organ-pipe 


corals, which live in calcareous tubes 
Joined together by platforms, and the pre- 
cious, or red, corals, which are stiffened by 
calcareous spicules and are used in making 
jewelry. The related sea whips, sea fans, 
and sea plumes are branching colonies of 
supported by a flexible horny mate- 
al. 


EVOLUTION OF COELENTERATES 


__ The coelenterates display a somewhat 
higher organization than the sponges, par- 
ticularly in the development of a true diges- 
tive cavity and in the elaboration of special 
Sensory cells, a nerve net, and muscle 
fibers. External stimuli affect the sensory 
cells, and impulses are conducted by way of 
the nerve net to the muscle fibers. Longitu- 
dinal muscles cause the polyp to shorten; 
circular muscles cause it to lengthen. Mus- 
cle fibers circling the mouth can close it off 
when harmful substances are in the water 
or when a falling tide leaves the animal high 
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A sea anemone. Its mouth is surrounded by tenta- 
cles. The sea anemone’s gastrovascular cavity is 
divided by partitions. The anemone is anchored to 
the bottom by a so-called pedal, or basal, disk. 


and dry. The various muscle fibers, coordi- 
nated by the nerve net, also allow polyps to 
bend in one direction or another and move 
their tentacles. The muscles of the medusa 
provide contractions of the bell for swim- 
ming. 
It has been commonly held that coel- 
enterates evolved from colonial proto- 
zoans, much as did the sponges. But a revo- 
lutionary theory that has gained consider- 
able support assumes that the coelenterates 
evolved from a primitive flatworm. If this 
theory is true, the sea anemones with no 
medusa life-cycle stage are the most prim- 
itive of coelenterates, and the jellyfish and 
hydroids, with their life cycles of alternat- 
ing polyps and medusas, are a secondary 


development. 
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The sun starfish is one of the largest and most beautiful of the world’s 


STARFISH AND 
OTHER ECHINODERMS 


by Francis J. Ryan and Elizabeth J. Ryan 


A starfish isn’t a fish. A sand dollar 
isn’t a form of money. And a sea cucumber 
isn’t a vegetable. All of these misleadingly 
named animals are echinoderms, or “spiny- 
skinned” animals. The phylum name, Echi- 
nodermata, comes from the words echinos, 
meaning “hedgehog,” and derma, meaning 
“skin.” 

In one very obvious way, the animals 
in this phylum are different from other 
animals. Most animals, including human 
beings, have bilateral symmetry. Their 
bodies are dividable into more-or-less 
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identical right and left halves. But echino- 
derms have radial symmetry. Their bodies 
are built on a circular, or radial, plan. In 
the center of the body is the mouth. From 
here, arms or other structures extend out- 
ward, rather like the spokes of a wheel. 
The echinoderms have no near kin- 
ship with any of the other inv ertebrates. 
They are highly interesting to biologists. 
nonetheless, because of their larval forms. 
These show close affinities with the larvae 
of the protochordates, the animals whose 
ancestors gave rise to backboned animals. 


Agroup of typical—that is, five-armed—star- 
fish. Starfis n size from about one centime- 
ter to one 
PARTS O BODY 

The of a typical echinoderm 
covers al nal skeleton of calcareous 
ossicles, € || bones, which give a more 
or less ri ructure. Projecting outward 
from the s are numerous calcareous 
spines 

Insit skeleton is the large body 
cavity, O m, in which lie the internal 
organs elom contains a lymphlike 


fluid th: es the organs. Amebalike 


cells cret t in it removing wastes and 
carrying nts to all parts of the ani- 
mal’s bo 

Th omplete digestive system 
leading í > mouth, on the underside of 
the bod he anus. Digestive glands 
pour th etions into the stomach. A 
unique : ment called the water vascu- 
lar sys ows water to enter a seive 
plate on \dy’s surface and then circu- 
late by y inother canal to a ring canal, 
which es into radial canals. Each 
radial c gives off many pairs of tube 
feet. Wh ese are distended with water, 
they are | in locomotion and serve as 
respirato urfaces. 

Encircling the echinoderm’s mouth is a 
nerve ring. Five branches radiate from this 
ting and tiny nerves go to the internal or- 
gans, the 1, and the tube feet. There are 
No well-developed sense organs, though the 


tube feet probably function as organs of 
touch. 

The sex glands shed their products into 
the water, where fertilization occurs. Ferti- 
lized eggs give rise eventually to larvae that 
Swim freely by means of ciliated bands. The 
larvae go through many stages of develop- 
Ment before they begin to look like minia- 
tures of their parents. 

__ There are more than 5,000 known spe- 
cies of echinoderms. They live in either 
Marine or brackish waters. They are 
grouped in five classes. 


STARFISH 


Starfish, or sea stars, make up the class 
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Asand dollar. Like other echinoderms, it has radial 
symmetry. Five zones containing tube feet radiate 
from a central disk. 
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Jeanne White, Audubon/PR 


Des Bartlett/PR 
Top: starfish crawl along the bottom, feeding on 
mollusks, mainly clams, mussels, and oysters, 
which they pull open by means of the suckers at the 
ends of their tube feet (bottom). 


Stelleroidea. They are perhaps the best 
known of the echinoderms. The body is a 
central disk from which radiate five or more 
arms. Between the blunt spines on the 
upper surface project skin gills, which are 
fingerlike extensions of the coelom; they 
are excretory and respiratory organs. Small 
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A basket star, a graceful-lookir rm with 
a flattened body and very thin t branch 
repeatedly. 
pincers interspersed among es pro- 
tect the skin gills and clear face of 
foreign matter. ; 
On the underside of « n is a 
groove from which protrud slender 
tube feet. A light-sensitive and a 
short tentacle, which may | tive to 


chemicals, are located at tł of each 


arm. Sea stars prey on tube crusta- 
ceans, and mollusks, particul ims and 
oysters. 

Commercial clammers ar termen 
have long despaired of the cor ion they 
have gotten from starfish. At « ime they 
tried to get rid of the starfish by chopping 
them up into several pieces. As ting that 
this killed the starfish, the people tossed the 


pieces back into the sea. 

But the clammers and o stermen 
found this greatly increased their nemies, 
for starfish, like many other animals with- 
out backbones, have the ability to regener- 
ate themselves. If a starfish is cut into a 
number of pieces, each piece that nel 
at least a tiny part of the central disk will 
grow into a new, complete animal. thus 
producing several individuals from the orig- 
inal starfish. = 

Brittle stars and serpent stars (subclass 
Ophiuroidea) have a small, flattened body 
disk with five or more jointed arms. In 
some cases, as in the basket star, the 


arms re lly branch. The stomach is 


saclike ere is no anus. 

Tt imals use their flexible arms 
to mov ly about and to swim. The 
arms al h worms, mollusks, and other 
anima! ing the prey to the mouth. 
SEA Uf à AND SAND DOLLARS 

Se hins and sand dollars (class 
Echinoi are globular-shaped, oval- 
shaped, or flattened into thin dis Five 
teeth id the mouth. The skeleton 
forms ; shell of flattened immovable 
ossicle e spines are numerous, stiff, 
and movable. Five rows of tube feet radiate 
over the surface, converging at the upper 
and low nters of the body. 

Most sea urchins live near rocky 
shores, where they feed on algae, small 
Marine animals, and decaying matter. Many 


people, particularly natives of Mediterra- 
nean countries, consider sea urchin eggs a 
delicacy 

Sand dollars usually live buried in the 
sand. They have very short spines, giving 
the animals a furry appearance. 

Closely related to sand dollars are the 
heart urchins. They, too, burrow into the 
sea floor. They feed on microscopic plants 
and animals. 


Right top: large sea urchin with very long, slender. 
tentaclelike tube feet seen projecting between rigid 
Spines. Right middle: another sea urchin—this one 
with shorter tube feet. Right bottom: underside of a 
sea urchin showing centrally located mouth open- 
ing. 
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Starfish, sea cucumbers, and some other echino- 
derms are able to regenerate lost body parts. Photo 
above shows a starfish regenerating three of its five 
arms. 


SEA CUCUMBERS 


Sea cucumbers (class Holothurioidea) 
are elongated animals with a mouth sur- 
rounded by tentacles at one end and the 
anus at the other. The skin is either 
leathery and muscular or delicate and trans- 
parent and possesses only microscopic 
calcareous ossicles. Sea cucumbers move 
by muscular contractions or by using the 
tube feet, which extend in five rows the 
length of the body. They eat organic ma- 


Sea cucumbers are found in seas throughout the world, usually lyi 
tom. They move in a caterpillarlike manner by muscular contra 
body and by using rows of tube feet. 
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terial taken from mud or smal! animals 


entangled by the tentacles at one end of 
the sea cucumber’s body. 

Sea cucumbers have an unusual pro- 
tective device. If disturbed by enemy, 
the sea cucumber may eject, isgorge, 


its internal organs. The pr or eats 


these, forgetting about the se umber 
itself. Later, the lost organs « e com- 
pletely regenerated. 

The Chinese consider sea ibers a 
delicacy. The animals are drie n used 
in making soups. 

SEA LILIES 
Sea lilies and feather (class 


Crinoidea) are flowerlike, br ly col- 


ored animals having flexibl inching 
arms. Many are attached, mo pward, 
to the sea bottom by means « horny 
stalk. Others have no stalk and 1 freely 
by using the arms. Microscopi nts and 
animals, caught by the arms ar vept to 
the mouth, form the food. 

Sea lilies and feather st inhabit 
all ocean depths from just below the low- 
tide line to more than 3,500 m below 
the surface. 

the bot- 
n of their 


s Kinne/PR 


FLATWORMS 
AND ROUNDWORMS 


by F. L. Fitzpatrick 


The d “worms” is popularly ap- 
plied to t variety of long, slender, and 
limbless ils: earthworms, tapeworms, 
hookw« shipworms (which are mol- 
lusks), orms (which are lizards), and 
the larv arious insects. 

To ologist the word “worms” has a 
much r stricted meaning. It is applied 
particu! o three groups of animals: the 
flatwor' şr platyhelminths; the round- 
worms emathelminths; and the seg- 
mented ms, or annelids. The animals 
belongir these groups are found in al- 
most a s of the world. Some of them 
burrow i > earth. Others crawl along the 
ground | others swim in the water. A 
consid number are parasites on other 
animal \n plants. Some worms are con- 
sidered be benefactors of mankind. 
Others. including tapeworms and liver 
flukes, rank high among the dangerous 
pests of ple and domestic animals. 

FLATWORMS 

The flatworms make up the phylum 
Platyhelminthes. This name comes from 
the Greek words platys, meaning “flat,” 
and helmins, meaning “worm.” These are 
the simplest of the worms. There are about 


10,000 known species. In some of them, 
the outer layer of the body is provided with 
vibrating, hairlike structures called cilia. In 
others, the outer layer is smooth or spiny. 


TAPEWORMS 


Perhaps the best-known flatworms are 
the tapeworms, or cestodes. Many species 
are harmful parasites of people and domes- 
tic animals. 

The body of a tapeworm generally 
consists of a rounded head, or scolex, anda 
number of flattened segments, Or proglot- 
tids. The head bears hooks or suckers (or 
both), with which the worm attaches itself 


to the host—usually to the lining of the in- 
testine. New segments are formed next to 
the head. As the older segments keep on 
growing, the largest of all, naturally, are to 
be found at the tail end of the body. A fully 
grown tapeworm looks like a long, narrow 
ribbon. It may reach a length of 9 or 10 
meters. 

The head is the anchor that keeps all 
the segments within the body of the host. 
Each segment functions more or less as a 
self-contained unit. There is no digestive 
system; each segment absorbs, through the 
body wall, digested food from the digestive 
cavity of the host. As a segment gets older 
and larger, it becomes filled with eggs. 
When it is mature at last, it breaks off from 
the rest of the body and passes to the exte- 
rior with the wastes of the host. 


The tapeworm is a flatworm. Many tapeworms are 
harmful parasites of man and of domestic animals. 
W. B. Allen, Audubon/PR 
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A common tapeworm that attacks 
human beings is the so-called beef tape- 
worm, Taenia saginata. This animal must 
live in the bodies of two different hosts to 
complete its life cycle. The adult beef tape- 
worm is found in the human intestine, 
where it sometimes reaches a length of 
more than 9 meters. When the tail-end 
segments, filled with eggs, break off, they 
pass to the exterior with the wastes of the 
human host. 

If the wastes are not disposed of in a 
sanitary manner, the eggs may be deposited 
on grass that is eventually swallowed by 
cattle. Boring larvae are then freed from the 
eggs. They migrate into the muscle tissues 
of the host and form cysts. If a person eats 
raw or partly cooked meat from one of 
these infected cattle, the cyst around the 
young worm will dissolve in the stomach of 
the human host. The worm will then take 
up its place of abode in the intestine. 

The presence of a beef tapeworm in 
the intestine is not likely to prove fatal or 


Flukes in sheep liver (1) lay eggs (2) that become embryos (3). Err 
in a snail (4) into flukes, which escape (5-7) and encyst (8). Cyst 


even dangerous, because the animal cannot 
fill human tissues with cysts. lis eggs must 
always pass out of the human body before 
they can hatch. The worm is an undesirable 
boarder, however, since it deprives the 
human host of a part of the nourishment he 


should obtain from his food. Fortunately, it 
can be eliminated from the body quite easi- 
ly by means of simple drugs administered 
under a doctor's direction. 

The pork tapeworm, Tae lium, is 
far more dangerous to people. Normally the 
adult worm lives in the hum ntestine. 


Here it develops the usual : re, egg- 


filled segments, which break of | pass to 
the exterior from time to time. If any of the 
eggs are swallowed by pigs, the larvae that 
hatch from them will form cysts in pig mus- 
cle. When infected pork that is y partly 
cooked is eaten by a human being, the cysts 
dissolve and the adult worms become es- 
tablished in the human intestine ie pests 
can be disposed of, as in the case of beef 
tapeworms, by prescribed drug 

; develop 

eaten by 


sheep and flukes enter the liver (9). 
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Unfortunately, some of the pork-tape- 
worm eggs may develop into young in the 
human body. before they can pass out to 
the exterior with the body wastes. When 
this happens, the young ultimately pene- 
trate into muscle tissues, causing inflamma- 


tion. The consequences are particularly se- 
rious when the encysted larvae lodge in vi- 
tal areas of the human body, such as the eye 
and brair 

Dogs and rabbits act as hosts for many 
kinds of tapeworms. Most of the parasites 
form their cysts in fish, mice, rats, rabbits, 
sheep, cows, and pigs. One tapeworm, 
Echinoc: s granulosus, that occurs as an 
adult in dozs forms cysts in human muscle, 
liver, lung, brain, and bone tissue. We be- 
come infected by eating unwashed vegeta- 
bles that have been contaminated by dogs, 
by drinking contaminated water, or by kiss- 
ing dogs to whose fur the eggs are clinging. 


Domestic birds are also subject to tape- 
worm attacks. Adult worms develop in 


the bodies of birds when the birds eat in- 
fected earthworms or insects. 
FLUKES 

Another important flatworm group are 


the flukes, or trematodes. The best-known 
member of the group is the liver fluke, Fas- 
ciola hepatica, which lives as a parasite in 
the liver of sheep, cattle, pigs, and some- 
times human beings. This fluke is widely 
distributed throughout the world. It has a 
short and flattened body, about 2 centime- 
ters long. A sucker, containing the mouth, 
is located at one end. There is also a ventral 
sucker on the lower surface of the body; 
this is used for gripping. Unlike tapeworms, 
flukes possess a digestive tract; this has 
only one opening to the exterior—the 
mouth, which also serves as an anus. 

The common liver fluke of sheep has a 
Most amazing life cycle. About 200 adult 
flukes may be housed in a sheep’s liver. 
These commonly produce numerous eggs. 
As many as 100,000,000 eggs may be 
formed within the body of a single sheep 
host. After the eggs have begun to develop, 
they pass through the bile duct of the liver 
into the intestine and then to the exterior 
with the wastes. 


arated 
Hugh Spencer 


Stained preparation of turbellarian Planaria. Eye- 
spots are visible at the anterior, or front end, of 
the body. 


The egg of a sheep liver fluke must get 
into water of the right temperature if it is to 
continue its development. When this hap- 
pens, the egg gives rise to a tiny ciliated 


A land Planaria found most frequently on tropical 
and subtropical forest floors. 


Robert Mitchell, Tom Stack ond Associates 
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Liver fluke. This and other species attack sheep, 
cattle, pigs, and sometimes man. If untreated, they 
can inflict serious injury to their hosts. 


embryo. The little creature will die unless it 
finds a certain type of snail to serve as its 
host. If this host is forthcoming, the embryo 
burrows into it. Within the snail great num- 
bers of young flukes are produced by a 
complicated budding process. The young 
escape from the snail and swim about freely 
for a time. Then they climb upon blades of 
grass at the water’s edge and form cysts 
about themselves. If a sheep swallows the 
cysts, the young flukes will gradually work 
their way into the liver, 

Naturally, very few sheep liver flukes 
are likely to meet all the Conditions set by 
such an exacting life cycle. If these worms 
continue to thrive and flourish, it is because 
of the enormous number of eggs they pro- 
duce. 

Sheep may be seriously injured, and 
sometimes killed, by liver flukes. If the vic- 
tims are not too far gone, it is possible to 
cure them by means of drugs that kill the 
worms. 

There are many other species of para- 
sitic flukes. They live in such organs or 
structures as the intestines, lungs, and blood 
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vessels. Various kinds of flukes attack 
people. There are several species of human 
liver flukes in Africa and the Far East. 


TURBELLARIANS 


The turbellarians, or true itworms, 
are generally free-swimming animals that 
do not lead parasitic lives. They have short, 
flattened bodies and a digestive system with 


a single opening on the underside of the 


body. Their bodies are covere ith cilia, 
which can be used to produce swimming 
movements. 4 

These worms are found in the sea, in 
fresh water, and in some moist places on 
the land. Some feed on worms vets, and 
tiny mollusks. Others eat roscopic 
organisms. 

Turbellarians belonging t > genus 
Planaria are particularly int ting be- 
cause they can regenerate, or W, lost 
parts of the body. If the head or ‘ail end is 
removed, a new head or tail wil! dey elop. If 
the body is cut in two, the he» end will 
grow a new tail and the tail end wil] develop 
a new head. Planaria are often studied in 


biology courses. 
ROUNDWORMS 


The roundworms, or thread worms, are 
also called nemathelminths — the equivalent 
to “thread worm” in Greek. There are 
about 12,000 species. A number of these 
are parasitic on people and animals. Some 
attack plants. The roundworms are slender 
creatures. They do not have cilia. Nor are 
they segmented. 


TRICHINA WORMS 


The most notorious of the round- 
worms, from the human standpoint, is the 
trichina worm, Trichinella spiralis. This 
animal is parasitic on human beings, pigs, 
house rats, and probably other animals. Itis 
a tiny creature. Adult males are only a milli- 
meter and a half in length while female 
adults are three to four millimeters long. — 

The presence of the trichina worm in 
the human body causes the disease known 
as trichinosis. People are infected when 
they eat raw or rare pork from pigs that had 
adult trichina worms in their intestines. 


The female worms in the pig host bear 
tiny young. which penetrate the walls of the 
intestine, enter the blood vessels, and work 
their way into muscle tissues. Here each 
tiny worm embryo forms a cyst about itself. 
Life in the muscle tissues of the host repre- 
sents a dead end for the trichina unless a 
person or some other carnivore eats the 
tissue in which it is located. If the host is 
not devoured, the cyst wall will begin to 


harden after about six months and the em- 
bryo within the cyst will eventually die. 

If the infected pig is butchered and 
used as human food, the story may be very 
different. The meat looks perfectly whole- 


some, because the cysts are too small to be 
seen by the naked eye. Thorough cooking 
will kill the trichina embryo within the cyst. 
But if the meat is eaten raw or only partly 
cooked or smoked, there is acute danger of 
human infection. 

By the time the meat containing the 
parasites has reached the person’s intes- 
tine, the cyst walls have dissolved. The 
young worms soon grow to adult size. The 
human victim may suffer from digestive dis- 
turbances — including nausea, diarrhea, and 
abdominal pain—if enough of the worms 
are present. If the disease is recognized at 
this stage, the parasites may be driven out 
of the intestines through the use of drugs 
under a doctor’s direction, and no lasting 
harm will be done. 

If the worms are not molested, the 
females bear a new generation of young. 
These bore into blood vessels of the intes- 
tinal wall, are carried to all parts of the 
body, and form cysts in the muscle tissues. 
Muscle soreness and fever are typical 
Symptoms of the disease at this stage. 


Spiny-headed worms of the phylum Acantho- 
Cephala. These parasitic worms are closely re- 
lated to roundworms. 


Jack Dermid, Audubon/PR 


Breathing, swallowing, and chewing move- 
ments are likely to be painful for a period of 
three or four weeks. The consequences are 
particularly serious when the trichina lar- 
vae damage vital areas of the body, such as 
the heart and diaphragm. 

Once the young trichina parasites have 
gotten into the muscle tissues, they cannot 
be disposed of by means of drugs. It is pos- 
sible to kill adults remaining in the intes- 
tines, so that no more young will be pro- 
duced. Otherwise little can be done. In the 
course of time calcareous matter is laid 
down in and around the cyst, which is ulti- 
mately transformed into a granule of lime in 
the muscle. 

It has been estimated that there may be 
as many as 100,000,000 trichina cysts in 
some human hosts. In other cases, the 
number of cysts is comparatively small. A 
number of people have had trichinosis with- 
out being aware of the fact. There have not 
been enough worms in their bodies to cause 
serious damage. 


HOOKWORMS 


The hookworms are also members of 
the roundworm group. They are abundant 
in tropical and subtropical regions. The 
species known as the American hookworm, 
Necator americanus, is about a centimeter 
long—considerably larger that the trichina 
worm. 

Adult American hookworms suck 
blood from the wall of the host’s small in- 
testine. The female produces large numbers 
of eggs, which pass to the exterior with the 
wastes. If these eggs are deposited upon 
warm and loose, moist soil, they develop 
into tiny larvae. 

The larvae generally get into a human 
body through the soles of the feet. They 
bore through the skin, producing a sensa- 
tion known variously as “ground itch,” 
“dew itch,” or “skin itch.” Entering the 
blood vessels, the larvae start on an amaz- 
ing journey through the body. First they are 
transported by the blood stream through 
the heart to the tiny blood vessels of the 
lung tissue. They bore their way out into 
the air spaces of the lungs and then move 
upward through the bronchial tubes and 
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The trichina roundworm Causes trichinosis. The worm embryos 
cle fibers and form cysts as shown in the above photo. 


windpipe to the back of the mouth cavity. 
They then pass down the esophagus and 
through the stomach, reaching the small 
intestine. Here the hookworms settle down 
to perhaps six or seven years of life. 

Hookworm victims usually suffer from 
loss of blood and become thin and anemic; 
their skin takes on a Waxy appearance. 
They often suffer from heartburn and con- 
Stipation, and are easy prey to various dis- 
eases. Child victims are often retarded in 
their development. 

The first line of defense against hook- 
worms is to adopt the practice of Wearing 
shoes. This will prevent most of the para- 
sites from entering the body, even in locali- 
ties where they are abundant. Another ef- 
fective measure is to arrange for the sani- 
tary disposal of human wastes containing 
hookworm eggs. 

Adult worms may be driven out of the 
human intestine by certain drugs used un- 
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ite mus- 

der the guidance of a doctor ere 
hookworms in the human bod | die o 
old age in time, but six or seve ars is a 
long time to wait. 
THE FILARIAL WORM 

Another parasitic nematode tropical 
and subtropical regions is the filarial wom 
Wuchereria bancrofti, which is transmitte 
from one human to another by various spe- 
cies of mosquitoes. The adult female 


worms measure between 7 and 1() centime- 
ters, while the males are half that size. They 
usually occur in the lymphatic vessels and 
lymph nodes. 

The females produce eggs that develop 
into embryos known as microfilariae, some 
of which reach the blood circulating near 
the host’s skin. Here the embryos are taken 
up by a mosquito as it feeds on its human 
Victim. Within the tissues of the mosquito, 
the young filarial worms develop into infec- 


tive larvae. These enter a human host the 
next time the mosquito feeds and eventu- 
ally reach the lymphatic system, where 
they matı 

The condition known as filariasis re- 
sults from inflammation and from the ob- 
struction of lymphatic channels by both the 
bodies of mature worms and by scar tis- 
sue caused by the worms’ presence. A fur- 
ther con ition, in which the limbs and 
other re; s of the body swell to enormous 
size, is k 1 as elephantiasis. 
OTHER iASITIC ROUNDWORMS 

The nea worm, Dracunculus medi- 
nensis, her parasitic roundworm of 
human | s, is found in Africa, parts of 
the Mid ast, and India. People become 
infected by drinking water containing cope- 
pods (cr ceans) that carry the infective 
stage of the worm. After the infected cope- 
pods ar vallowed, the worms mate and 
the fem nigrates through the tissues of its 
human hi About ten months later the fer- 
tile fema vhich may now reach a length 
of a meter or more, comes to lie just under 
the skin, through which it frees its young. 
To extract the worm, one end of the animal 
is rolled up on a stick. Each day the stick is 
given a few turns until the entire worm is 
drawn out 

D cats, poultry, cattle, sheep, 
horses, s, and goats are also attacked 
by parasitic roundworms. The heart worm, 
Dirofilaria immitis, lives as an adult in one 


chamber of a dog’s heart or in the arteries 
that lead from the heart to the lungs. The 
tiny young of the heart worm are transmit- 
ted to dogs through the bites of mosquitoes. 

The stomach worm, Haemonchus con- 
tortus, attacks both sheep and cattle. A ful- 
ly grown female stomach worm is about 
three centimeters in length; a male is some- 
what smaller. Eggs produced by the female 
Pass to the exterior with the wastes and 
hatch within a very short time. The young 
pass through several stages of develop- 
ment. As larvae they crawl up on blades of 
grass, where they are likely to be swallowed 
by grazing sheep or cattle. 

Various species of roundworms attack 
plants. The sugar-beet nematode, Heterod- 


USDA 
These sugar-beet roots have been infested with 
small white female nematodes. They suck out the 
root contents, inflicting serious damage. 


era schachtii, is a good example. It is never 
more than 1.2 millimeters in length. Its 
small size, together with the fact that it lives 
in the roots of the sugar beet, make control 
a difficult problem. This worm has been 
present in European beet fields for many 
years. It appears to have been brought into 
the United States accidentally some time 
after 1900. The most effective control mea- 
sure is to change to another crop when sug- 
ar-beet nematodes appear in a beet field. 
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It would seem to be a far cry from the 
tiny snail ina home aquarium to a 15-meter- 
long giant squid: from the edible oyster, 
firmly attached throughout life to the same 
rock or shell, to the freely swimming scal- 
lop; from the vegetarian slug to the sin- 
ister-looking, carnivorous octopus. These 
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The octopus, a cephalopod, is unusual in that it lacks the shel! 1 by most 

mollusks. It has eight tentacles that have sucker pads on the t n. Above: 

octopus showing tentacles and Pads. Right: close-up of sucke Far right: 
octopus enveloping a crab with its arms. 
by F. L. Fitzpatrick 

Most mollusks also have unusual 

structure called the foot, whic! es quite 

different forms in various ecies. In 

clams, for example, the foot is a muscular 

extension of the body and is used in plow- 

ing through mud and sand. I snails, it 

is flat and is used for creeping. In squids 

and octopuses, it is divided into arms, 


animals vary greatly in size, appearance, 
and habits. Yet all belong to the phylum of 
the Mollusca, or mollusks. This is one of 
the largest groups in the animal kingdom. 
More than 70,000 species have already 
been described. Many mollusks live in the 
Seas. Others are found in freshwater lakes, 
ponds, and streams. Some dwell on land. 

The word “mollusk” comes from the 
Latin molluscus, meaning ‘‘soft.” The name 
is apt enough, for all mollusks have soft 
bodies. In most Cases the body is protected 
by a shell, made up largely of calcium car- 
bonate. This Shell is secreted by the body 
covering known as the mantle. 


MOLLUSKS 


Which serve to seize the animals’ prey. 
Certain oysters have no foot. 5 

The phylum Mollusca is divided into 
five classes. The class Cephalopoda in- 
cludes the squid, octopus, cuttlefish, 
and nautilus. The Bivalvia are represented 
by oysters, clams. scallops, mussels, and 
teredos. The Gastropoda include snails, 
Slugs, limpets, abalones, and conches. The 
Scaphopoda are the tooth shells. And the 
Polyplacophora, the most primitive mol- 
lusk class, consists of the chitons. Many 
mollusks are economically important as 
food and for their shells. 


Herman H. Giethoorn, Audubon/PR 


SQUIDS, OCTOPUSES, AND THEIR RELATIVES 


Among the best-known mollusks are 
the striking creatures known as squids and 
octopuses. They belong to the class of the 
Cephalopoda, or cephalopods. The name 
means “head-feet” in Greek. These ani- 
mals are so called because the foot, which 
is separated into a number of “arms,” en- 
circles the head. 

The cephalopods differ from most 
other mollusks in one important respect: 
they generally do not develop shells. In- 
stead, the mantle forms the outer part of the 
naked body. In some species, however, 
there is an inner skeleton. 

All cephalopods dwell in the sea. They 
are provided with arms, often called tenta- 
cles, that have suckers or hooks or both. 
Almost all cephalopods secrete an inklike 
fluid, which is stored in a special sac. When 
they wish to escape a pursuer, the animals 
squirt the ink into the water, making it tur- 
bid and thus confusing the foe. Most ceph- 
alopods are capable of chameleonlike 
color changes. The skin contains cells 
called chromatophores (“color-bearers”) 
that contain different pigments. When these 
cells become larger or smaller, the color of 
the skin changes rapidly. Because of such 
color changes, the animals generally blend 
effectively with the background. 


SQUIDS 


The expert cephalopod swimmer 
called the squid is a streamlined, spindle- 
shaped creature. It is sometimes called the 
sea arrow because of the way in which it 
darts through the water. The foot is divided 
into ten arms. Two of the arms are longer 
than the rest; these bear suckers and are 
used to seize and hold prey. The eyes have 
no lids but otherwise they look startlingly 
like human eyes. 

The squid draws water through a cen- 
tral cavity of the body — the mantle cavity — 
and forces it out through a flexible tube, the 
siphon, when the mantle is contracted. The 
siphon is located just back of the arms. The 
jet of water that spurts through it serves to 
propel the animal swiftly backward. Ink is 
also discharged through this siphon. 

The fins, which are two flaplike exten- 
sions of the mantle, are used chiefly for 
steering. They also serve to propel the 
squid slowly forward or backward. 

One of the most familiar species is the 
common squid, Loligo pealei. It is found in 
Mediterranean and east Asian waters and 
along the eastern coast of North America. 
Some fishermen use it as bait. It also serves 
as human food, particularly in the Mediter- 
ranean area and the Far East. 

The squid known as the flying squid, 
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The streamlined shape of the squid makes it an ex- 
cellent swimmer. Two of the ten arms have suckers. 


Ommastrephes bartrami, has been com- 
pared to the flying fish. It often shoots out 
of the water, particularly when the weather 
is rough, and sometimes lands on the decks 
of ships. 

The most formidable of the squids is 
the giant squid, Architeuthis princeps. This 
is the largest of all the invertebrates, or 
animals without backbones. The total 
length of the animal, including its body and 
arms, may be 15 meters or more. This large 


A newly hatched octopus. It is now only about one 


centimeter long, but it may grow to quite a large 
size. 


Robert C. Hermes, Audubon/PR 


animal lives in the open sea, 1 ig its way 
far beneath the surface. Live it squids 
have but infrequently been e itered at 
sea. However, they are som cast up 
on beaches, especially along hores of 
Newfoundland. According t authori- 
ties, the giant squid may hay n rise to 
the numerous legends of mi serpents 
frequenting the depths of th nd occa- 
sionally engulfing ships 
OCTOPUSES 

Few dwellers of the de stirred 


people’s imagination more e octo- 


puses (genus Octopus). M '§s have 
been told of these creatures in crev- 
ices and amid rocks and s darting 
out to attack some hapless r diver, 
Such bloodcurdling tales are false or 
at least grossly exaggerated ie that a 
large octopus with eight | owerful 
arms, two large staring eyes vicious- 
looking beak, would be a r: pleasant 
customer to meet under wat there is 
little evidence to show that ¢ > larger 
octopuses attack humans 

The foot of the octopus led into 
eight arms. It is this feature ves rise 
to the name, which means feet” in 
Greek. The animal has a p e beak 
with which it rends its pre topuses 
range in arm-and-body lengt} 5 centi- 
meters to 9 meters. The |: species, 
Sometimes called devilfish, 1 attain a 
weight of 35 kilograms. The pus can 
crawl along the sea bottom ts arms. 
Sometimes it swims about by sı ng water 
into the body and then squirting it out. 

Most octopuses are sh retiring 
creatures. During the day they are gener- 
ally hidden in crevices. At nightfall they 


steal out in search of prey. Stealthily, an 
octopus creeps up on some unsuspecting 
fish or crab. Once the powerful arms are 
entwined about the victim, there is no es- 
cape. The beaklike jaws quickly end the 
Captive’s struggles and the octopus feeds 
upon the prey. With the coming of dawn. 
the animal retreats to its lair. The octopus IS 
itself the prey of certain animals, including 
conger eels, whales, and sharks. 

Octopuses are eaten in coastal areas of 


Europe and North America. They are also 
eagerly sht after in various parts of the 
Far Ea d in the islands of the South 
Pacific 
CUTTLEF ES AND NAUTILUSES 

A \ nown relative of the squids 
and oct s is the common sepia, or cut- 
tlefish, officinalis. This small crea- 


ture, T from 15 to 25 centimeters 


in lengt retes a calcareous inner shell 
known ittlebone. This substance is 
used tc y lime to canaries and other 
caged | It also serves as a polishing 
agent. :ment called sepia is prepared 
from th brown fluid that the cuttlefish 
ejects to conceal its retreat. 


T} ly, or chambered, nautilus, 
Nautili 


npilius, found in the South Pa- 
cific a Indian Ocean is a member of 
an anc roup of animals. Only a few 
specie ve today. 
rl irly nautilus shell is spirally 
coiled vided into compartments, each 
of whic resents a chamber in which the 
nautill i at some stage of its growth. 
Natura \e animal is found in the outer- 
most ¢ ber. About 90 tentacles are set 
aroun: nouth. Though these tentacles 
have ne kers, they can cling tenaciously 
to solid objects. The head can be with- 
drawn the shell. A hood at the back of 
the head partly closes the opening. 


I emale of the paper nautilus, or 


argonaut, Argonauta argo, secretes a spi- 
rally coiled and symmetrical white shell. 
This shell serves as an egg case; the argo- 
naut can drop it at will. The female may 


reach a length of 20 centimeters. The male 
Is a little creature, only about 2 to 3 centi- 
meters long. It never secretes a shell. 


CLAMS AND OTHER BIVALVES 


The clams, oysters, mussels, and tere- 
dos belong to the class Bivalvia, or Lamel- 
libranchia. They are also known as bi- 
valves, because their shells are divided into 
two parts, known as valves. The inner sur- 
face of the shell is coated with a layer 
known as nacre, or mother-of-pearl. This 
layer is fine-grained. It may be white or it 
may show all the colors of the rainbow. 


Russ Kinne, Audubon/PR 
The cuttlefish, a small octopus-and-squid relative. 
The cuttlefish is the source of cuttlebone and of 
the pigment sepia. 


The two valves are joined by one or 
two strong muscles, which can hold the 
shell tightly closed. It is these muscles that 
are cut when a mussel or clam is opened. 
Some bivalves, such as clams, have a well- 
developed foot, which can be extended 
beyond the shell to move the animal from 
place to place. True oysters, however, can- 
not move about as adults. They are firmly 
attached to solid objects on the bottom of 
the sea. Bivalves have no specially differen- 
tiated head. 

Some bivalves have two tubes, or si- 
phons, through which water is drawn in and 
forced out. The water that is sucked in con- 
tains the tiny organisms that serve as food: 
protozoans, eggs, larvae, the spores of al- 
gae, and minute plants called diatoms. 
Food is taken into the digestive canal by 
way of a mouth opening. Oxygen enters the 
blood through the two gills. Wastes are car- 
ried away as water is forced out of the ex- 


current siphon. 
OYSTERS 


The true, or edible, oysters (genus Os- 
trea), lead sedentary lives attached to an 
underwater object. The shell is quite asym- 
metrical. The valve that is fastened to a 
submerged object is large and quite thick. 
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The other one is smaller and thinner. The 
two parts of the shell are closed by a single 
muscle, popularly called the “heart,” which 
extends from about the center of one valve 
through the animal’s body to the other. 
True oysters occur in many parts of the 
world, particularly along the coasts of Eu- 
rope, North America, and Japan. 

When the first white settlers came to 
North America, they found that Indian 
tribes along the coast depended on oysters 
for a considerable part of their food. Evi- 
dently they had been eating these mollusks 
for generations, because large piles of oys- 
ter shells had collected around Indian 
towns and encampments. The first settlers 
and those who followed picked and dredged 
oysters from the shallow bays. For a long 
time it was thought that the supply would 
never be exhausted. 

Increasing demand, however, led to 
overfishing in the late nineteenth cen- 
tury. It then became necessary to supple- 
ment the natural supply by planting barren 
bottoms with young oysters, thus Starting 
new beds. Today a considerable portion of 
the oyster supply in North America comes 
from privately owned beds. Oysters are 
also raised in Japan and in various Europe- 
an countries, particularly France and Hol- 
land. 

To raise oysters successfully, one must 
be familiar with the life cycle of these shell- 
fish. The female of a typical species, such 
as Ostrea virginica, which is found along 
the eastern coast of North America, pro- 
duces millions of eggs a year. They are 
discharged into the water, where many are 
fertilized by sperm cells ejected by male 
oysters. If the egg is fertilized, it develops 
into a tiny larva, which swims about freely 
at first. After a couple of days it begins to 
develop a shell. In a week it is entirely en- 
closed. Dropping to the bottom it becomes 
attached to a solid object such as a rock or 
shell. The spat, as the young oyster is now 
called, grows rapidly and in time becomes a 
mature oyster. 

Pa wom he A: numbers of eggs 

ee ysters, the oyster 
population is not constantly on the in- 
crease. For one thing, many of the eggs are 
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not fertilized. Also, vast numbers of the lit- 
tle larvae are eaten by fishes during the pe- 
riod when they are swimming about in the 
water. Even after they drop to the bottom 


and become securely attached, they are by 
no means safe. They may be smothered by 
shifting sand and mud, or devoured by star- 
fish, drumfish, or other natura! foes. And 
then, once oysters reach the adult stage 
they are sacrificed by the millions to meet 
the demands of the market 

During the breeding season, oyster- 
men locate places where the surface of the 
sea is covered with oyster larvae. They 
pave the bottom in such places with various 
hard materials, such as old bricks, tile, emp- 
ty bivalve shells, brush, and discarded metal 
parts. After a time the spat drop to the bot- 
tom and become attached to the paving 
materials, These materials are then dredged 
up and planted in spots that have been 


selected as favorable for the development 
of oyster beds. 


Oysters are often planted in moderate- 
ly shallow water, where the bottom is of 
hard mud. In sucha place there are likely to 


be marine plants, which will provide food 
for the microscopic organisms upon which 
oysters feed. Oystermen avoid places 
where there is shifting mud and sand, or 


where starfish or other natural enemies of 
oysters abound, or where the waters may 
be contaminated with sewage 

Oysters that are ready for market are 
collected in shallow waters by means of 
oyster tongs. These are like two long-tined 
rakes, hinged so as to open and close like 


Shears. In deeper waters the oysters are 
taken by means of a dredge. 

In France young oysters are removed 
to partially enclosed growing ponds, admit- 
ting the tides through sluices and flood- 
gates. When fully grown, the oysters are 
fattened in small enclosed ponds called 
claires. : 

Japanese oyster farms are generally 1n 
shallow, brackish water. Each farm is en- 
closed by a bamboo fence or hedge. The 
Spat are collected and held on bamboo 
Stakes thrust into the bed. When the oysters 
are fully grown, the stakes are pulled out 
and the oysters harvested. 


Cross-sec the cham- 
bered n shell. This 
type of 5 very an- 
cient. Only w species of 
nautilus day 
CLAMS 

M these bivalves are also eaten 
by peo; ìne of the most sought after is 
the soft lled clam, Mya arenaria—so 
called because of its rather thin and fragile 
shell. | found in Europe and along the 
Atlantic | Pacific coasts of North Ameri- 
ca. The shelled clam is also called the 
long-necked clam because of the unusual 
length of its “neck.” This consists of two 
tubular siphons that are joined together and 
covered with tough skin. 


: This clam burrows into mud or sand 
with its t -shaped foot to a depth of 7 
to 10 centimeters. The “neck” extends just 
out of the sand at high tide, as the animal 
feeds. At low tide, holes in the mud or sand 
show where the clam is buried. It is then a 
simple matter for a clammer to walk along 
the beach and dig out quantities of the bi- 
valves, 

: The hard-shelled clam, Venus mercen- 
aria, differs in various respects from the 
Soft-shelled variety. Its thick, solid shell is 
a rather dirty white in color and is marked 
with concentric rings. The inner part of the 
Shell is whitish, turning to purple at the out- 
er edges. In the Americas, this purple sec- 
tion was used by coastal Indians for the 
money known as wampum. The hard- 


Grant Heilman 


shelled clam is also known as the quahog 
and as the littleneck clam, since its siphons 
are much shorter than those of the soft- 
shelled variety. 

The hard-shelled clam is found in great 
numbers along North America’s Atlantic 
coast. It dwells on sandy or muddy bottoms 
at depths ranging up to 15 meters. It makes 
its way through sand or mud with its large 
foot. Clammers usually go out in boats to 
fish for hard-shelled clams, gathering them 
with a rake or dredge. The clams are served 
raw on the half shell or are used for clam 
fries and chowders. 

Perhaps the most remarkable member 
of the clam group is the giant clam, Tridac- 
na gigas, found in the coral reefs of the Pa- 
cific. This is the largest of the bivalves. Its 
shell may be almost a meter long and may 
weigh over 200 kilograms. The edible por- 
tion may come to 9 kilograms or more. 
Giant clam shells have been used for bap- 
tismal fonts and babies’ bathtubs. 


SCALLOPS 


The bivalves known as scallops are 
found in many parts of the world. Their 
range extends from shallow water to fairly 
deep water. The shell is fan-shaped and the 
valves are arched and rounded. There are 
two winglike projections at either end of the 
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Hal Harrison 


Clams are bivalves: they have shells divided into 
two parts. The photo shows a collection of clams 
with one open, showing the clam body. 


hinge of the shell. About 20 ridges radiate 
from the hinge, increasing in width as they 
extend outward. 

Scallops are good swimmers, especial- 
ly when young. The jets of water they spout 
as they alternately Open and close their 
Shells propel them through the water in a 
series of jumps. 


Scallops can swim by opening and closing their 
shells. The beadlike structures around the edge of 
the shells are eyes. 


Robert Hermes/Annan 


Several species of scallops are highly 
esteemed as food. Only a small portion of 
the body is eaten: the single large muscle 
that in life serves to hold the two valves of 
the shell together. 


MUSSELS 


The marine mussel has 
shaped black or bluish shell. A bunch of 
threads, called a byssus, is secreted bya 
gland located immediately behind the foot, 
These threads harden when they come in 
contact with sea water and cause the animal 
to be firmly attached to solid objects such 
as rocks. The byssus can be discarded and 
a new one secreted. In this the animal 


a wedge- 


can move to new surroundings if unfavor- 
able conditions arise. 

The edible mussel known as Mytilus 
edulis is popular in various paris of Europe. 
It is served in restaurants U.S. cities 
along the eastern coast. It abounds in At 
lantic coastal waters and also in the Medi- 


terranean. 
The freshwater mussel is found mostly 


in rivers and lakes, where it burrows in 
mud. The pearly shells of fresh-water mus- 
Sels are used in the manufacture of “pearl” 
buttons. 

TEREDOS 


The teredo, or shipworm, is a boring 
bivalve. It excavates burrows in wood that 
is under salt water. The two valves of the 
teredo are provided with fine ridges, sug- 
gesting the teeth of a file. Soon after it 
hatches from the egg, the teredo begins 
rasping with its double file at the wood ofa 
pile, breakwater, or ship bottom. As the 
burrow that is formed is deepened, it 18 
lined with a pearly coating. In time the tere- 
do becomes a long, wormlike creature. The 
tapering body dwarfs the tiny valves, which 
are at the innermost part of the burrow. 
Siphons protrude from the opening of the 
burrow to draw in water and food and force 
out wastes. When the siphons are drawn in, 
the hole is closed by means of two plates 
attached to the rear end of the body. 

Outwardly, a piece of timber attacked 
by teredos shows only a number of small 
holes. Inwardly, it may be honeycombet 


with ter burrows, sometimes so close 
together he wood between them is as 
thin as ; in time the most solid timbers 
are so r d that they collapse. Metal or 


thing is used to protect timber 
icks of teredos. Heavy impreg- 


nation \ eosote has also proved effec- 
tive. 
SNAILS AND RELATED FORMS 

Sna slugs, limpets, abalones, and 
conches included in the large class of 
mollusks known as gastropods. These ani- 
mals have a foot and mantle cavity, like 
other mollusks. They have a well-de- 
veloped head region and generally possess 


a spirally coiled shell that is all in one piece. 
SNAILS 


Snails are particularly widespread. 
Some dwell in the ocean, others in the fresh 
water of rivers, ponds, and lakes. There are 
numberless land snails, too. They abound 
in tropical jungles and are also found in 
damp places in temperate zones. 

_ The snail’s head bears the mouth open- 
ing and one or two pairs of tentacles. The 
eyes are set upon or at the base of the tenta- 
cles. The animal creeps upon its flat foot 
from place to place. Certain gland cells of 


Runk/Schoenberger/Grant Heilman 


The shell of a giant clam. 
This one is about one-half 
meter wide, but clams can 
grow to a width of nearly one 
meter. 


the foot secrete mucus, which lubricates 
the path over which the snail crawls. This 
accounts for the slick trail that the animal 
leaves as it passes over a more or less flat 
surface. Both the head and foot of a snail 
can be withdrawn into the shell. 

Freshwater snails and land snails were 
probably eaten by people long before re- 
corded history. Today they are regarded 
as delicacies in many countries. The market 
supply comes largely from snails that are 
raised in captivity. The snail farms of 
southern France, Italy, and Spain are well 
known. About 10,000 snails can be kept in 
a pen 8 or 9 meters square. The animals are 
fed meal, vegetables, and bran. 

In many areas snails are a pest because 
they feed voraciously on garden crops. The 
giant African snail, Achatina fulica, has 
become a particularly serious menace. This 
creature, a native of east Africa but now 
found in many other lands, is sometimes 
more than 15 centimeters long and as big 
around as a tennis ball. Its diet is varied, 
including garden plants, flower petals, de- 
caying tissues, and manure. It is long-lived 
and fertile and can thrive under the most 
unfavorable conditions. 

Whelks and periwinkles are marine 
snails that are commonly used as food by 
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Robert H. Wright, Audubon/PR 


Snails and slugs are gastropods. Top: a land snail 
commonly found in gardens. These animals eat a 
great deal of plant matter. Bottom: a slug. Slugs 


have no shell. They are plant eaters, usually feeding 
at night. 


Europeans. The whelk is widely distributed 
in the North Atlantic. Besides serving as 
food, it is used as bait in cod fishing. Peri- 
winkles are found in temperate and cold 
seas in many areas. They abound on rocks 
and in seaweed and feed on seaweed. The 
long tongue, or radula, of the periwinkle is a 
remarkable structure. It is provided with 
many rows of sharp, curved teeth. 

The rasping radula of the snail known 
as the oyster drill is particularly well de- 
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veloped. This tiny creature, less than 2 
centimeters long, drills a hole through the 


shell of an oyster near the hinge and then 
sucks out the soft body of the victim 
through the hole. The oyster drill is one of 
the chief foes of oystermen. 
SLUGS 

Among the snails’ kin ar e curious 
animals called slugs. These mollusks, 
which range in length from 2 to 10 centime- 
ters, have no external shell. Land slugs live 
in moist places; they are often found under 
stones and in holes in the gro At night 
they emerge from their retre to feed on 
vegetation. They sometimes ir le vegeta- 
ble gardens. Sea slugs craw rocks or 
seaweed in shallow water alc he coasts 
of North America, Europe, and Asia. They 
also feed on plant matter. 
LIMPETS 

The gastropod known as th impet has 
a rounded or oval shell and looks like a di- 
minutive volcanic cone. Some limpets even 
have a small opening at the top of the shell, 
Suggesting a crater. Limpets adhere so firm- 
ly to rocks near the low-water mark by 
means of the suckerlike foot that they 
withstand the beating of the surf. At high 
tide they move about in search of the algae 


on which they feed. After their feeding 
forays they again attach themselves to the 
rocks. Limpets are found in many parts of 
the world. 


ABALONES 


The shell of the abalone has a rather 
Startling resemblance to a human ear; for 
that reason this gastropod is sometimes 
called an ear shell. The large shell is very 
ornamental, particularly after the rough 
outer surface has been polished. Abalones 
are found in the Far East and on the Atlan- 
tic and Pacific coasts of the New World. 
They live on rocks near the shore, feeding 
on seaweed. When disturbed, they cling 
with Surprising strength to rocky surfaces. 
The flesh is often used in stews and chow- 
ders. Sometimes it is prepared in the form 
of a steak. In the Far East it is generally 
dried or smoked. 


CONCHES 


The conch is a large gastropod that is 
especially common along the coasts of the 
southern United States and the West In- 
dies. The shell is sometimes 25 centimeters 
long and may weigh as much as 2% kilo- 
grams. It has a small spire with a large 
lower whorl. The foot of the conch is pro- 
vided with a clawlike appendage. The ani- 
mal moves in a series of leaps, sometimes 
turning quickly to avoid capture. Conch 
shells are sometimes made into horns. 
They are also used for cameos and buttons. 
The flesh serves as food in certain areas, 
including the Bahamas and the Florida 
Keys. 


TOOTH SHELLS AND CHITONS 


The mollusk class of the scaphopods, 
or tooth shells, is a small one, numbering 
only about 200 species. In most species 
the long, curved, tapering, ivory-colored 
Shell looks something like a boar’s tusk. 
In some varieties, known às elephant- 
tusk shells, the shell is not curved. The 
tooth shell generally lives in fairly deep 
waters off the coasts, in many regions. 

The chitons and their kin make up the 
class Polyplacophora. They are found all 


A blister on an oyster shell. 
Blisters are formed the same 
Way as pearls. Nacre is 
Secreted around an irritant 
that has managed to get in- 
Side the oyster shell. 


over the world, except in the far north and 
south. Chitons have a shell consisting of 
overlapping plates. They may be seen at 
low tide crawling about or clinging to sea- 
weed or rocks. The larger chitons are edi- 
ble; the flesh is generally called sea beef. 
Some Polyplacophora have no shells and 
look like grubs. 


ECONOMIC IMPORTANCE OF MOLLUSKS 


The mollusks are exceedingly useful to 
mankind. We have already considered their 
importance as a source of food, and we 
have mentioned some of the other ways in 
which they serve us. 

Mollusk shells are particularly valu- 
able. The beautiful shells of abalones, 
conches, and other varieties are commonly 
sold as souvenirs and used as ornaments. 
The mother-of-pearl inner layer of various 
mollusk shells is used for pearl inlays and 
knife handles and in hundreds of other 
ways. Tons of bivalve and other mollusk 
shells are ground up every year and used as 
material for surfacing roads. Because of 
their lime content, the ground-up shells are 
used as fertilizer and are also fed to domes- 
ticated birds, such as chickens. 

Pearls. Pearls are undoubtedly the 
most glamorous products yielded by mol- 
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lusks. Like mollusk shells, these precious 
gems represent the secretions of the mantle 
that envelops the body. They are made up 
of the same lustrous substance — mother-of- 
pearl, or nacre—of which the inner layer of 
the shell consists. 

How a pearl is produced. Suppose that 
a foreign body, such as a grain of sand or a 
parasite, finds a lodging place between the 
mantle and the shell. It will serve as an ir- 
ritant and will greatly stimulate secretion 
at that point. As the grain or parasite is 
slowly encased in a nacreous coating, it 
may be rolled about by slight contrac- 
tions of the mantle. It thus remains free 
from the shell and takes on a rounded 
form. In time it will be enclosed in many 
layers of nacre and will be a full-fledged 
pearl. 

By far the greatest number of pearls 
used in commerce come from the so-called 
pearl oysters, belonging to the genera Avi- 
cula and Pinctada. However, various other 
mollusks, including some edible oysters 
and some freshwater mussels, also yield 
pearls. 

More or less perfectly formed spheri- 
cal pearls are few and far between. In 
many cases such pearls originate when 
Parasitic worms form cysts in the mantle 
layer. As the cysts are more or less rounded 
in form, they make ideal development cen- 
ters. 

A great many pearls, called baroque, 
are more or less irregular in form. They 
may be pear-shaped, dome-shaped, or 
rather flat. Baroque pearls are often made 
into pendants, brooches, and rings. Ba- 
roque pearls are not nearly so valuable as 
spherical pearls. 

Pearls are of many different colors, in- 
cluding white, cream, rose, brown, blue, 
yellow, and green. The color depends on 
the oyster’s diet, the temperature of the 
water, and various other factors, The favor- 
ite colors for gems are white, cream, rose, 
steel-blue, and black. 

; The matching of pearls has much to do 
with their commercial value. When large 
pearls of the same size and shape are 
matched to form a necklace, they bring a far 
higher price than if the individual pearls 
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were sold separately. Necklac 


>S made up 


of pearls that are matched à perfectly 
graded series—smaller to larger to small- 
er—are also valuable. 

Pearl fisheries are found in various 
parts of the world. The most valuable 
pearls come from the pear! oysters that 
grow in the warm waters of the Persian 
Gulf and the Red Sea and off the coasts of 


India, northern Australia, certain South 
Pacific islands, and Central America. 


Pearl collecting is an uncertain busi- 
ness at best. In one ins e a week's 
catch of 35,000 pearl oysters yielded only 
21 pearls, of which only three were suit- 
able for commercial use. In » number of 
cases the collecting of pearls arried on 
in connection with the more dependable 
business of collecting mollusk shells and 
preparing them for market. 

Cultured pearls. Humans have succeed- 
ed in “growing” pearls by deliberately in- 
serting a foreign substance within the shell 
of an oyster or mussel. A pear! produced in 
this way is called a cultured pearl. It is 
very different in origin from the artificial 
pearl created by the chemist and used in 


inserted small plates bearing the i 
Buddha between the shell and mantle of 
marine clams. These plates became coated 
in time with nacre. They were then sold as 
Souvenirs and also as objects of religious 
veneration. This practice has continued to 
the present day. 

The Japanese have succeeded in pro- 
ducing spherical cultured pearls on a com- 
mercial scale, and they have almost a mo- 
nopoly of the cultured-pearl industry. A 
mother-of-pearl bead is carefully inserted 
in the mantle of a pearl oyster, which pro- 
ceeds to cover the bead with a thin coating 
of nacre. The original bead inserted in the 
oyster makes up most of the finished prod- 
uct. The nacre coating is generally only 
about a millimeter thick. Of course, the 
longer the pearl is permitted to develop, 
the thicker the coating—and the thicker 
the Coating of nacre, the more valuable 
the pearl. 


THE EARTHWORM 
AND ITS 
KIN 


By F. L. Fitzpatrick 


Thrust a spade into soft, rich soil and 
you are sure to dig up some earthworms. 
Sometimes after a heavy spring rain you'll 
see them crawling across a wet sidewalk. 


Earthworms are common in almost everyone's gar- 
den. The giani earthworm of Australia, shown here, 
is larger tha 1e garden variety. It may grow to 
nearly four m 


ers 
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And if at night you look closely at a plot of 
grass, you may find worms partly out of 
their burrows, enjoying the cool, moist air. 
If you plan to go fishing the next day, this is 
an ideal time to gather worms to use as bait. 

Earthworms are probably the best 
known of the segmented worms, or anne- 
lids. Together with some 7,000 other spe- 
cies, they make up the phylum Annelida. 
The name is derived from the Latin anellus, 
meaning “small ring.” It refers to the seg- 
mented nature of the organisms’ bodies. 

Annelids are slender creatures. They 
have a complete digestive tract, with a 
mouth at one end and an anus at the other. 
Most species have setae —short, bristlelike 
hairs extending from the body wall and 
used in locomotion. The hairs also serve 
another purpose. It is because earthworms 
cling so tenaciously with their setae to the 
walls of their burrows that birds find it so 
hard to pull them out of the soil. 

There are three main classes in this 
phylum: the oligochaetes, which include 
the earthworms; the leeches; and the poly- 
chaetes, or bristle worms. 


EARTHWORMS AND THEIR RELATIVES 


The oligochaetes, or “few-bristled 
worms,” are among the most common 
members of the annelid group. They show a 
rather striking variety of colors: brown, 
purple, blue, green, and a nondescript pallid 
color. 

The common earthworm, belonging to 
the genus Lumbricus, has long served as 
the classical example of the phylum. The 
body of this worm has more than 100 seg- 
ments, which are very noticeable because 
of the grooves extending around the body. 
Each segment, except the first and the last, 
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The marine annelids may be found burrowing among the roots of eelgrass in the 


muddy bottoms of coastal waters. 


bears setae, which are moved by muscles 
within the body wall. 

An earthworm’s body is covered by a 
thin, transparent membrane called the cuti- 
cle, which is secreted by the skin layer just 
beneath it. The cuticle is always kept moist 
by glandular secretions. It is through this 
membrane that an earthworm breathes. 
There are hundreds of different earthworm 
species distributed all over the earth except 
in localities that are very cold or very dry. 

The earthworms are exceedingly valu- 
able because of the way in which they turn 
up the soil. The English naturalist Charles 
Darwin called attention to the “plowing” 
activities of worms in his Formation of 
Vegetable Mould Through the Action of 
Worms, published in 1881. “The plough,” 
he observed, “is one of the most ancient 
and most valuable of man’s inventions, but 
long before he existed the land was, in fact, 
regularly plowed and still continues to be 
thus plowed by earthworms.” Darwin 
pointed out that a certain field had once 
been covered with stones. These had en- 
tirely disappeared after some 30 years 
passed. They had been completely covered 
by the castings, or wastes, of earthworms. 

Earthworms literally eat their way 
through the soil, obtaining nourishment 
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from organic matter contain 1 it. They 
bring their wastes to the surf tis in this 
way that they turn over the s« has been 
estimated that over 100,000 is may be 
found in a single hectare. urthworm 
population in black loam w ig a one- 
centimeter layer to the surfac the aver- 
age, in two years. The bi s of the 
worms make soil porous ar able rain 
water to penetrate within the earth a 
During and following ivy rains, 
large numbers of earthworms often seen 
crawling about on the sur of the 
ground. The rain water has flooded them 
out of their burrows. Fishermen looking for 


bait go out on rainy nights in order to col- 
lect some of the larger worms, which are 
called night crawlers. 

Certain oligochaetes are very small, 
barely visible to the naked eye. Others, 
Such as the giant earthworm of Australia, 
are imposing animals two meters or more in 
length. They are sometimes mistaken for 
snakes. There are many variations in length 
between these two extremes. 

Earthworms serve as food for other 
animals, such as birds and mammals E 
cluding people). Some authorities thin 
that they may do a certain amount of harm 
by spreading disease. If they have pre- 


viously burrowed through the decaying 


bodies of diseased animals, the worms may 
transmit diseases to domestic animals that 
feed upc nem. It is known that some 
earthwor ontain the young of parasitic 
roundwo that live as adults in domestic 
poultry. 

Cer vopular beliefs about earth- 
worms ar xer entirely erroneous or only 
partly t For example, some people 
maintain he worms turn into fireflies — 
an absur ion, based perhaps on the fact 
that the fly is a beetle that passes 
through mlike larval stage. 

Anot belief, which is only partly 
true, is an earthworm is cut in two, 
both par ll continue to live and finally 
will deve new segments to replace those 
that hav: ) lost. It is true that the head 
part of thworm that has been cut in 
two ofte tinues to live and may add, or 
regenerat | segments as time goes on. If 
the cut been made too near the tail, 
howeve e tail part never succeeds in 
redevel: the important internal organs 
in the forward part of the body. It dies after 
acompa ely short time. 

Earthworms reproduce hermaphrodi- 
tically. That is, each worm has both male 
and fem sex organs. When copulating, 
paired earthworms exchange sperm. The 
eggs develop in coccoons, taking about two 
or three months to develop. Worms may 
live more than ten years. 

LEECHES 


Leeches are also well-known members 
of the annelid group. They are usually 
Somewhat flattened in form. The body is 
divided into segments, but, except in one 
Species, no setae are developed. 

Leeches have a sucker at the rear end 
of the body. Many species, too, have a 
Sucker surrounding the mouth at the head 
end. Some species are found in the sea, 
Some in fresh water, and some on land. 


Top: typical earthworm, showing segments. Mid- 
dle: giant thorn-headed worm that infests pigs. Bot- 
tom: the clamworm. Unlike the earthworm, the 
clamworm has a head that bears sensory append- 
ages. It lives near the low-tide mark of ocean 
beaches. 
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They are generally parasitic animals. 

A parasitic leech attaches itself to the 
host by means of its suckers. Once this is 
done, the animal makes an incision in the 
host’s skin and gorges itself with blood. 
Then it drops off. Some non-parasitic 
leeches capture and devour small forms of 
life that live in the water. Leeches also use 
their suckers to help them move. They 
make looping movements —like a measuring 
worm—over solid surfaces. They swim 
through the water with undulating move- 
ments of the body. 

During medieval times and for several 
centuries thereafter, bloodsucking leeches 
were used by physicians to draw blood 
from patients. After it was discovered that 
bleeding had little or no curative value, the 
practice of using leeches to draw blood was 
largely, although not entirely, abandoned. 

In temperate regions of the world, 
leeches annoy bathers. However, they are 
not particularly harmful to people. Some- 
times, they get into the throat and nasal 
passages of certain forms of wildlife, in- 
cluding ducks, and strangle their victims, 

Certain species, such as Limnatis nilo- 
tica in the Middle East and Dinobdella fer- 
ox in India, live in springs or wells. They 
enter the mouth or nasal passages of people 
or animals that drink from these springs or 
wells. Attaching themselves to the walls of 
the nasal passages, they obstruct respira- 
tion and cause hemorrhages. 

Bloodsucking land leeches, found in 


Leeches are annoying and sometimes dangerous 
worms, attaching themselves to their victims and 
sucking blood from them. 


Cornelia Clark 


great numbers in tropical rain forests, also 
enter the nostrils, which they block until 
they have had their fill of blood. It is a very 
serious matter if they enter t nuses, be- 
cause once the leeches have me swol- 


len with blood they cannot 
out again. 


BRISTLE WORMS 


their way 


Among the most int ig of the 
annelids are those living in . Some of 
them, such as the clamwor onging to 
the genus Nereis, are free ning ani- 
mals that prey on other m reatures, 
Certain marine forms have fully col- 
ored gills—large, plumelike tions on 
the head or sides of the box odd sea 
mouse, Aphrodite, has an « ody cov- 
ered on top with a thick m: ng, silky, 
and iridescent hairlike setac 

Several of the marine < families 
are well-known tube builder e line the 
burrows in which they live wit iin, lime- 
like secretion. Others buil es in the 


sand. The parchment worm 
constructs a parchmentlike 
that is buried with only the « 
above the sandy mud. The 
the middle segments of 
united to form three pairs o! 


fopterus, 
iped tube 
1s jutting 
idages of 
orm are 
ular fans 


that draw water in through pening of 
the tube and force it out thr: the other. 
The numerous tiny organisms carried into 
the tube by this water current e as food 


for the worm. 

The palolo worm, Eunice 
in the South Pacific, is famou its breed- 
ing habits. During most of year the 
worm lies coiled up in its burrow. generally 
in a coral reef. As times goes on, eggs oF 
spermatozoa develop in the hind-end seg- 
ments of the animal. In the last quarter of 
the October-November moon, the hind 
ends of the palolo worms are cast off. They 
make their way to the surface of the sea in 
vast swarms and the eggs and spermatozoa 
are then discharged into the water. The na- 
tives collect the worms by means of nets 
and use them as food. A related species. 
Eunice fucata, of the West Indies, breeds 
Similarly in the third quarter of the June- 
July moon. 


dis, found 


LOBSTERS, CRABS, 
AND THEIR KIN 


by F. L. Fitzpatrick 


Broiled lobster from the waters off 
South Africa or New England. A salad 
made with tiny shrimp gathered off the 
coast of Mexico or Greenland. Hot, 
creamy soups made from the European 
crab Maja squinado. These are just a few 
tasty dishes that can be prepared using the 
many edible species of invertebrates called 
crustaceans 

Crustaceans derive their name from 


their tough, crustlike shell: the Latin word 
crusta means “crust” or “shell.” In addi- 
tion to lobsters, shrimps, and crabs, the 
class Crusta includes crayfish, barna- 
cles, water s, and a host of less well- 
known animals. Almost all live in water. 

These animals belong to the largest 
group in the animal kingdom, the phylum 
Arthropoda, or “animals with jointed feet.” 
This phylum contains well over 1,000,000 
species, of which some 30,000 are crusta- 
ceans. In other articles we look at such 
arthropods as the spiders and their kin 
and the insects 


GENERAL CHARACTERISTICS 


The body of a typical crustacean is 
composed of distinct segments. It is usually 
divided into two chief areas: the cephalo- 
thorax, made up of the head and thorax, 
and the abdomen. There is an exoskeleton, 
or outer skeleton, consisting of a flexible 
Substance called chitin. In most crusta- 
ceans the chitin becomes impregnated with 
calcium carbonate (CaCO,), most familiar 
to us as the principal component of lime- 
Stone. This results in the animals’ 
tough, crustlike shell. : 

The tough outer skeleton is shed at in- 
tervals so that the animal may continue to 
grow. The old exoskeleton splits along the 
back and the crustacean works its way out 
of its covering. It can then grow consider- 
ably before the new exoskeleton hardens. 


During this time the crustacean is in what is 
called the soft-shell stage. It generally re- 
tires to a secluded spot in order to avoid its 
enemies. 

A crustacean has two sets of antennae, 
which are provided with sense organs. In 
very small representatives of the group the 
antennae are also swimming structures. In 
the water flea Daphnia, for example, they 


A well-known crustacean—the American lobster. 
These lobsters may grow to over 50 centimeters. 


American Museum of Natural History 
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serve as “oars.” There is a pair of hard 
mandibles for chewing. Two pairs of maxil- 
lae and the maxillipeds test food and pass it 
into the mouth. 

The eyes of many species are mounted 
on movable stalks. In some species the 
eyes are compound — that is, they consist of 
a number of units. The crayfish, for exam- 
ple, has two compound eyes, borne on 
short stalks; each of these eyes consists of 
about 2,500 units. 

The number of legs, or appendages, 
which occur in pairs, differs according to 
the species. The appendages located on the 
thorax serve as walking legs. The first pair, 
however, may be greatly enlarged to form 
grasping structures, or pincers. The rather 
small appendages borne on the abdomens 
of some crustaceans are called swimmerets. 
The eggs of female lobsters and crayfish are 
attached to these structures. 

In many cases appendages and even 
eyes may be regenerated, or grown again, if 
they are damaged or lost. The walking legs 
of crayfish, for example, have a breaking 
point near the base. If one of these legs is 
injured, the animal may snap it off, and in 
time a new growth will replace it. 

The larger crustaceans have well-de- 
veloped internal organs and systems for 
carrying on such processes as digestion, 
respiration, circulation, excretion, repro- 
duction, and nervous responses. The smaller 
representatives of the group lack a definite 
respiratory system. They breathe through 
the entire surface of the body, 

_ Most crustaceans live either in the sea 
or in fresh water. Some have invaded the 
deeper regions of the ocean. They may 
dwell one and one-half kilometers or more 
below the surface. A few species live on 
land. 

The eggs of marine crustaceans gener- 
ally develop into free-swimming larvae, 
which are often decidedly odd-looking 
creatures. They usually pass through sever- 
al larval stages before they attain the adult 
form. Freshwater crustaceans commonly 
skip the larval stage. The young have the 
adult form when they hatch. 

Many crustaceans, including lobsters 
and crabs, eat both animal and vegetable 
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matter and often decaying substances. Toa 
certain extent, therefore, these animals act 


as scavengers. The so-called fish lice are 
crustaceans that live as parasites on fishes, 
LOBSTERS 

A large crustacean whose ut is espe- 
cially prized is the lobster, belonging to the 
family Homaridae. The large: embers of 


the family may weigh 13 kilograms or more 
and may reach a body length of 60 centi- 
meters, with pincers 35 to 40 centimeters 
long. However, such giants a: t particu- 
larly common. In the Unitec tes most 
of the lobsters reaching th: arket are 
under one kilogram in weight 

Some lobsters dwell on t! a bottom 
in shallow water through: the year. 


Others move into shallow er in the 


spring and migrate to greater ths as the 
water grows colder in the Lobsters 
generally prefer rocky bottom 

A female lobster produc housands 
of eggs a season. The eggs : tached to 
the swimmerets on the lower side of the 
abdomen. When the larvae hatch, they 
make their way to the surface of the sea. 
There they swim or float about for a period 
of three or four weeks. During this period, 
the young lobsters are destroyed in vast 
numbers by surface-feeding fish. The survi- 
vors eventually drop down to the bottom, 
where they take on the appearance and 
habits of adults. 

In nature, the percentage of young that 
attain maturity is relatively small. In the 


United States, many young lobsters reach 
the larval stage in the comparative security 
of salt-water pools or tanks at hatcheries. 
They are kept in these waters until they are 
past the vulnerable stage in the early part of 
their life cycle. 

For many years the preferred lobster- 
catching device has been the trap called the 
lobster pot. It is a cratelike affair, made of 
wooden slats that are spaced far enough 
apart so that small lobsters, which would 
not be acceptable for the market, can crawl 
out and escape. The trap is provided witha 
funnel-shaped entrance that makes it easy 
for a lobster to enter but practically impos- 
sible to get out. 
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generally with decaying fish. Then it is the market price has soared accordingly. 


weighted, so that it will sink to the bottom, 
and set out in shallow-water areas where 
lobsters are likely to be found. The position 
of the trap is marked by a buoy on the end 
of a rope attached to the trap. The person 
who sets the pots visits them at regular in- 
tervals to remove the catch through a 
hinged door and to replenish the bait. 

The American lobster, Homarus 
americanus, is found northward from the 
Carolinas along the Atlantic coast of the 
United States and Canada. In the not too 
distant past, 1000,000,000 American lob- 
Sters were sent to market each year, and 
lobster canneries worked overtime along 
the New England coast. In those days lob- 
Sters could be bought very cheaply: they 
Were not generally considered to be a luxu- 


Several varieties of lobsters thrive in 
European waters. The common lobster, 
Homarus gammarus, occurs off coastal 
areas from the Mediterranean to Norway, 
and is usually caught by means of lobster 
pots. A smaller species—the Norway lob- 
ster, Nephrops norvegicus —is an inhabitant 
of the same regions. It is found in deeper 
waters and is usually taken by trawling. 

Lobsters without pincers occur in 
warm waters off various land areas, includ- 
ing Florida, the West Indies, South Africa, 
Australia, and New Zealand. These ani- 
mals, which belong to the family Palinuri- 
dae, are armed with spines, with which they 
can stun their prey or hold off pursuers. 
The meat of these lobsters is also highly 


prized. 
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CRAYFISH 


The freshwater crustaceans called 
crayfish make up the family Astacidae. 
They look much like diminutive lobsters. 
The compartively small varieties belonging 
to the genus Cambarus are a familiar sight 
in and about streams, lakes, and ponds in 
the eastern part of North America. A larger 
variety, Astacus, is found in western North 
America, and in Europe and Asia. 

Crayfish normally live in shallow wa- 
ter. Here they avoid their natural enemies 
by hiding in aquatic vegetation or under 
stones. They sometimes come out onto the 
banks under cover of darkness. Ordinarily 
they crawl forward, but if they are dis- 
turbed they can shoot backward with con- 
siderable speed. They feed on a wide vari- 
ety of plant and animal life, including other 
crayfish, tadpoles, small fish, snails, insects, 
and aquatic plants. They also serve as scav- 
engers. They are themselves the prey 
of raccoons, opossums, bears, alligators, 
ducks, fish, and other animals. 

In some relatively moist areas, crayfish 
may desert their ponds and streams and live 
on land. Here they dig burrows down into 
the soil until they strike the water that will 
enable them to keep their gills moist. From 
time to time they sally forth from their re- 
treats to feed upon young vegetation, in- 
cluding crop plants such as cotton and 
corn, In irrigated areas, their burrowing 
activities sometimes weaken earth dams 


The male fiddler crab has one claw that is much 
larger than the other. 
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both 


The Japanese spider crab is the largest of all 
crabs. It may grow to a length of 3 meters 
and cause water to be lost from irrigation 


ditches. 

Crayfish are considered edible in many 
areas where they are abundant. The larger 
varieties belonging to the genus Astacus are 
preferred because of their size. Crayfish 
also provide food for many fishes, and fish- 
ermen often use them for bait. 


SHRIMPS 


Like crayfish, shrimps look somewhat 
like small lobsters, with unusually long an- 
tennae and fragile shells. The larger 
shrimps are often called prawns. Various 
species of these small crustaceans arè 
found in the deep sea. The varieties we eal, 
however, occur in shallow waters along 
Coastal areas and in freshwater streams. 
Vast numbers of shrimps are found along 
the Gulf and Pacific coasts of North Ameri- 
ca and in European waters. They are 
Caught in nets and are sold fresh, dried, Of 


in cans y the abdomens are eaten by 
humans 
CRABS 

The crabs are distinguished from such 
crustace as lobsters and crayfish by 
their sn bdomen, which is folded up 
under the body. They have five pairs of 
legs. The of the first pair end in pincers 
and are larger than the rest. The last pair of 
walking ; are often flattened and are 
used as swimming structures. Crabs usually 
walk or crawl with a curious, sideways gait. 
They generally have a varied diet, which 
includes dead animals and plants. 


There are a great many species of 
crabs in various parts of the world. Most of 
them live in the sea; some are found in fresh 
water; a few species live on land. Water- 
dwelling crabs breathe by gills set in cavi- 
ties at the sides of the body. These cavities 
are larger in the true land-dwelling species 
and serve as lungs. 

_ _ One of the most important food crabs 
is the blue crab, Callinectes sapidus, found 
along the Atlantic coast from New England 
to Brazil. The so-called hard-shelled crabs 
and soft-shelled crabs of commerce are 
really blue crabs at different stages of the 
molting process. The hard-shelled variety is 
a blue crab with a fully developed exoskele- 
ton. A soft-shelled crab is the same animal 


‘American Museum of Natural History 


The hermit crab uses the 
shells of other animals as its 
home. When it outgrows its 
borrowed shell, it finds a big- 
ger one. Often, it shares its 
home with anemones. 


after a molt has taken place and before 
the new covering has had time to harden. 
Hard-shelled crabs are caught in traps 
or nets of various kinds. Soft-shelled 
crabs commonly hide in the vegetation of 
shallow waters and may be collected 
with dip nets. 

Various other crabs are used as food. 
Among these are the edible crab, Cancer 
pagurus, found off the coasts of Great Brit- 
ain and continental Europe, and the Dunge- 
ness crab, Cancer magister, which occurs 
off the Pacific coast of North America. 

Among the most interesting crusta- 
ceans are the small hermit crabs belonging 
to the families Paguridae and Parapaguri- 
dae. The abdomen of these crabs is soft and 
quite unprotected. To shield this vulnerable 
part of its body, the animal seeks out an 
empty marine-snail shell and backs into it. 
The hermit crab’s pincers and legs protrude 
from the front end when the animal crawls 
about in search of its food; it can withdraw 
entirely within its shelter if danger threat- 
ens. When a hermit crab outgrows one 
shell, it abandons it and seeks a larger one. 

In some cases sea anemones establish 
themselves on the shells inhabited by her- 
mit crabs. As the anemones are well armed 
with stinging cells, their presence undoubt- 
edly brings added security to the crabs. The 
sea anemones also profit from the relation- 
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U.S. Fish and Wildlife Service 


tural History 


From a drawing by J. H. Emerton, U.S. Fish and Wildlife Service 


Top left: Daphnia, a water flea. Notice the eye spot at the head and the egg sac 
at the opposite end. Top right: shrimps resemble lobsters. Photo shows a 
freshwater shrimp from Panama. Bottom right: southern shrimp 


ship, since they are carried about from 
place to place. It has been reported that 
certain varieties of hermit crabs, upon 
changing from old snail shells to new ones, 
carefully transfer their sea anemone com- 
panions to the new shelters. The anemones 
do not appear to resist this action, though 
they generally sting other animals that 
try to uproot them. 

A crustacean often found on beaches 
of temperate regions is the fiddler crab, be- 
longing to the genus, Uca. One claw of the 
male —generally, but not always, the right 
claw—is much larger than the other. The 
fiddler crab lives in a burrow that it tunnels 
in soft, moist soil above the highwater 
mark. Generally it sits at the mouth of its 
burrow moving its large claw slowly, some- 
what after the fashion of a fiddler manipu- 
lating a bow. This is the animal's way of 
attracting the attention of the female of the 
species, 

The largest of all crabs is the giant 
spider crab, Macrocheira kaempferi, of 
Japan, which measures three meters or 
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more from the tip of one of extend- 
ed pincers to the tip of the oth sa rath- 
er inactive animal with a c iratively 
small, rounded body and ungainly 
legs. It commonly covers it with sea- 
weeds or sponges. Thus c laged, it 
stalks its prey deliberately until the victim 
is within reach of the slender cla 

Not all spider crabs are as long as the 


giant Japanese variety. A common species 
found on the Atlantic and Pacific coasts of 
North America, Libinia emarginata, mea 
sures only one-third meter or so across the 
extended pincers. Crawling about the sea 
bottom, it often makes its way into lobster 
pots and devours the bait. : 

One of the best-known land crabs 1$ 
the robber crab, Birgus latro, found on the 
islands of the Indian and Pacific oceans. 
This large animal, often one-third meter OF 
more in length, lives in a burrow at the foot 
of a coconut palm, lining its retreat with the 
fibers of coconut husks, Its pincers are very 
Strong and heavy. It carefully strips the 
fiber from a coconut and then patiently 


hammers he nut with its strong claws 
until the has been broken. It then ex- 
tracts the of the nut. 

The or horseshoe, crabs are a 
remnant ancient group, which is now 
almost € They were at one time clas- 
sified wi crustaceans but are now put 
in a sé class—the Merostomata. 
They art e arthropods measuring 30 
centimet so across the shield, or cara- 
pace, wł overs the top part of the body. 
When s om above, the carapace has 
the outli ı horseshoe; this accounts for 
the nan orseshoe crab.” The tail is 
long, po and hard. The king crab lives 
in shall ter. It plows through sand or 
mud se its prey—worms and mol- 
lusks. 

PILL BL ND GRIBBLES 

The || land crustacean known as 
the pill | mily Armadillididae) is often 
found fa n ponds and streams. This lit- 
tle anin hich is about 15 millimeters 


long wh ly grown, rolls itself up in a 


ball when disturbed. It commonly lives in 
cellars under stones, boards, dead 
leaves, : ‘ther debris, in comparatively 
moist s indings. Pill bugs feed upon 
plant materials, both living and decayed. 
They rarely become so numerous as to be a 
menace 

Some crustaceans, such as the grib- 
bles, Limnoria lignorum, do not look much 
like their crustacean kin. The gribble, a 
small animal belonging to the isopod group, 


is a destructive creature. It looks like a 
small worm not more than four millimeters 
in length. It has two pairs of antennae and 
SIX pairs of legs. 

_ Swarms of gribbles burrow their way 
into submerged timbers of all kinds, includ- 
ing the piling of wharves and the bottoms of 
ships. The boring activities of the gribbles 
are not entirely undesirable from the view- 
point of human beings, since they help 
break up floating wreckage that might 
otherwise be a menace to shipping. 


BARNACLES AND CIRRIPEDS 


Barnacles look like crustaceans only in 
the larval stage. The larva is a free-swim- 


ming creature. After swimming about for a 
time, the larva attaches itself to some solid 
object in the water and secretes a calcar- 
eous outer shell. 

The adult of the variety known as the 
goose barnacle (family Lepadidae) is at- 
tached to the supporting object by a fleshy 
stalk. The body of the animal, enclosed in 
its shell, is at the other end of the stalk. The 
shell is made up of several plates and is 
roughly conical in shape. Six pairs of long 
appendages, fringed with hairs, can be 
thrust out from a slit in the shell. They 
strain minute organisms from the water and 
sweep them toward the animal’s mouth in- 
side the shell. Certain barnacles, called 
acorn shells, or acorn barnacles (family 
Balanidae), lack a stalk; the shell is at- 
tached directly to the support. An opening 
at the top of the shell can be closed by four 
movable plates, or valves. 


The blue crab has bright blue legs, the last pair of 
which are paddle-shaped The blue crab is impor- 
tant commercially. The popular menu item, a soft- 
shelled crab, is a blue crab that has just completed 


its molt, and lacks a hard shell. 


N.Y. Zoological Society 
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When barnacles are firmly anchored in 
place, they look much more like mollusks 
such as clams or oysters than like crusta- 
ceans. As a matter of fact, they were classi- 
fied as mollusks by zoologists until 1830. In 
that year, the naturalist J. V. Thompson 
showed that barnacles developed from 
free-swimming larvae that were typically 
crustacean. Since that time the animals 
have been grouped with the crustaceans. 

Barnacles are very common in shallow 
sea waters, especially in the tropics and 
subtropics. The adults may often be seen 
attached to rock surfaces, seaweed, various 
marine animals, the piling of wharves, and 
the hulls of ships and boats. In most cases 
they affect us neither for good nor for evil. 
However, when they become attached in 
great numbers to the hulls of ships, they 
become exceedingly annoying. An accumu- 
lation of barnacles, seaweed, and other 
marine organisms may gradually build up 
on the underwater surface of the vessel. 
The ship’s speed may be so reduced as a 
consequence that it will have to be dry- 
docked, scraped, and repainted. Quick-dry- 
ing, antifouling paints are often applied to 
ship bottoms to prevent the accumulation 
of barnacles and other growths. These 
paints consist of iron oxides to which poi- 
sonous materials, such as white arsenic, 
have been added. The poisonous sub- 
stances gradually dissolve, and they dis- 
courage the growth of barnacles and other 
fouling organisms. 

Among the close kin of the barnacles 
are cirripeds of the genus Sacculina, which 
are parasites of crabs. The saclike body, 
from which this crustacean derives its 
name, is attached under the abdomen of the 
crab by means of a short stalk. Rootlike 
processes extend from the stalk to all parts 
of the body, avoiding the vital organs. Sac- 
culina causes sterility in both male and 
female victims. It has a particularly remark- 
able effect upon male crabs, causing them 
to take on female characteristics, 


COPEPODS AND WATER FLEAS 


f The order Copepoda is composed of 
animals that are often microscopic in size. 
They make up a considerable part of the 
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plankton—the vast floating population of 


the sea consisting of tiny crustaceans, pro- 
tozoa, the eggs and young of various marine 
animals, and microscopic plants such as 
diatoms and other small algae. Since plank- 


ton forms an important pari of the food 


supply of fish, including many varieties eat- 
en by people, the copepods even more 
important to us than are lobst crabs, and 


other comparatively large ceans that 


find their way to our tables 


The typical free-swim > copepods 
have a streamlined body en in a forked 
tail. There are two pairs of antennae, of 
which one is much larger the other. 
Both pairs are used in swim The four 
or five pairs of feet are also | for swim- 
ming. A number of species í yepods are 
parasitic, either in the larva idult stage, 
ona number of marine and water ani- 
mals, including worms, fis? nd whales. 
In these cases, the variot ecies dis- 
play a full range of adaptations to their 
parasitic life. Some of then within the 
body of their host, while others have modi- 
fications to attach themselves to the outside 
of the body. Sometimes the modifications 
are so great that the parasitic species bear 
no resemblance to free-living species of 
copepods. The bodies may be completely 


without segmentation or appendages and 
may look rather wormlike. Internal para- 
sitic copepods are often without mouth- 
parts, absorbing their food directly from 
the host. 

The name “water fleas” is sometimes 
applied to certain copepods. The name Is 
also used for a different group of minute 
crustaceans, belonging to the subclass 
Branchiopoda. Among the best-known of 
the branchiopod water fleas is Daphnia, 
which is found in vast numbers in ponds 
and ditches. Less than two and one-half 
millimeters in length, Daphnia has a fair- 
ly complicated system of internal organs. 
The feathered antennae are the principal 
swimming organs; they propel the animal 
through the water in a series of jerking 
movements. Daphnia feeds on microscopi? 
organisms in the water. It is the prey of 
tadpoles, fish fry, and other small aquatic 
creatures. 
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Most spiders have eight eyes. You can see four in the photo above. 


SPIDERS AND 
THEIR KIN 


by Willis J. Gertsch 


Jumping 

The spider is commonly regarded as 
the very symbol of cold and malevolent 
cruelty, A fly or a mosquito entangled 
in a spider web would certainly consider 
this reputation well deserved. But humans 


have little reason to think harshly of spi- 
ders. To be sure, some of them plague us by 
laying down their dragline silk on walls and 
ceilings. Nor does anyone like funnel webs 
Mal spoil the beauty of evergreens. It is 
ee also, that a very few species of spiders 
ave a venom that is dangerous to humans. 
On the other hand, spiders serve us (un- 
wittingly, of course) by destroying a vast 
number of bothersome insects—roaches, 
oe flies, and other unwelcome 
A Poa For certain peoples the spider is 
with icle of food; it is cooked and eaten 
great relish. 


Spiders belong to the arthropods, or 
jointed-leg creatures. All members of this 
phylum have jointed legs and other append- 
ages. All, too, have segmented bodies en- 
cased in stiff skeletons. 

The spider is sometimes called an in- 
sect, but it is definitely not an insect. In- 
sects have six legs; spiders have eight. In- 
sects—and indeed most arthropods— have 
antennae, or feelers; spiders have none. 
Most insects have wings; there is no such 
thing as a winged spider. 

The supreme accomplishment of spi- 
ders, perhaps, is the art of spinning silk 
made within their bodies. It is to this activi- 
ty that they and their kin owe the class 
name Arachnida. The story has it that 
Arachne, a mythical princess of ancient 
Lydia in Asia Minor, was famed for her 
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skill in spinning and weaving. She became 
so proud of her work that she rashly chal- 
lenged Athena, the Greek goddess of handi- 
crafts, to a test of skill. The goddess ac- 
cepted the challenge, which proved to be 
disastrous to the Lydian princess. For 
Athena was enraged at the perfection of 
Arachne’s handiwork and she tore it to 
pieces. In despair Arachne hanged herself. 
Thereupon Athena changed the rope into 
a cobweb and the maiden herself into a 
spider. 

GENERAL CHARACTERISTICS 


If we examine a spider at close range, 
we find, first of all, that its body is divided 
by a narrow waist into two principal re- 
gions, the cephalothorax and the abdomen. 
“Cephalothorax” comes from the Greek 
words kephalé, meaning “head,” and tho- 


rax, meaning “chest.” As the 


cates, the cephalothorax is n 
head and thorax (chest), wh 


together to form a single piece 


portion consists of a hardene 
ly rounded shield called 
which bears the eyes at the | 
spiders have eight eyes. Th: 
eyed, four-eyed, and two 
few that live in caves have 
the eyes or retain only trac 
carapace shows consideral 
some species; it may be or 
humps and projections. 
Behind the cephalotho 
men, ordinarily a saclike str 
the cephalothorax by a n 
nearly all spiders the abd 
piece and is rather soft. 1 
some of the orb weavers, o! 


A diagram of the body structure of a spider. Left: the body as seen from above 
Right: the body as seen from below. Note that the head and thorax are not sep- 
arated, but are fused together to form one piece—the cephalothorax 
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by Frank Senyk 


Spinnerets 


Nooilles-Jocana 


ders, is ightly colored, hardened, and 
armed \ curious spines and other out- 
growths haps this armor serves as a 
protective device against birds. In some 
other spiders the abdomen is drawn out. 


The derside of the abdomen bears 


the openings to the breathing organs: the 
tracheae, or air-conducting tubes, and the 
book lungs, which are peculiar breathing 
devices found only in arachnids. There are 


usually two book lungs. Each is a sac within 
the abdomen containing 15 to 20 shelves, 
Suggesting the pages of a book; the blood 
circulates through these shelves. 

All spiders are air-breathing. None of 
them are truly aquatic, though certain spe- 
cies living on the banks of streams and 
lakes run over the water and also dive. The 
water spider of Europe and Asia can re- 
main submerged for long periods by car- 
Tying a bubble of air with it. 

Directly beneath the spider's cephalo- 
thorax, at the front end, are two jaws, called 
chelicerae. Each has a stout, fixed segment 
and a sharp, movable fang, which is the part 
thrust into the prey. Connected with the 
Jaws are a pair of poison glands located in 
the fixed segment of the jaws or in the head. 
These glands send their venom coursing 
through a duct opening near the end of the 
fang. The venom of most spiders has only 
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Left: a water spider with its sac of eggs. Above: a 
spider nest with eggs. 


slight effect on warm-blooded creatures. 
Only in a few instances can this venom 
cause severe bodily distress to humans. 

All spiders are predaceous, or preying, 
animals. They eat insects almost exclu- 
sively, subduing them with venom. With 
the aid of their sharp jaws and the edges of 
their maxillae—another pair of appendages 
lying immediately behind the jaws —they 
cut and break the body of the prey. At the 
same time they bathe it with digestive liq- 
uids from glands located near the mouth. In 
this way the softer parts of the insect are 
predigested, and are then sucked into the 
spider’s stomach by powerful muscles. The 
prey is rolled and chewed until only a little 
ball of indigestible matter remains, and this 
is finally cast aside. Spiders often take sev- 
eral hours to suck an ordinary fly complete- 
ly dry. 

The spider’s eight legs are important, 
of course, as a means of getting from place 
to place. They are also useful to the spider 
because they are covered with extremely 
sensitive hairs and spines, which make it 
aware of its surroundings — fortunately for 
the spider, because it can neither hear nor 
smell. The spider has other sensory organs, 
called palpi. These are leglike appendages 
attached to the maxillae. Like the legs, they 
are covered with hairs and spines. 
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Kjell B. Sandved 
At the end of the abdomen are two spinnerets. The 
spider's thread is made of many finer threads. 


The male spider is rather short-lived; it 
dies after a brief period of intense activity. 
It is generally much smaller than the female 
and it runs considerable risk in approaching 
its formidable mate, which may be hungry 
and interested only in satisfying its appe- 
tite. Males are sometimes killed and eaten 
by their females under these circumstances. 
In many cases, however, males and females 
live together without this happening. 

Each spider begins its life as an egg, 


which is usually one of many « 


silken sac, or cocoon. The | 
lay a great number of eggs, 
many as 2,000 or 3,000 in 
Smaller spiders produce few 
lay only 6 to 12 and do not lea 
2 or 3 in any one spot. 

In general, the eggs in a 
the fall hatch before winter 
(young spiders) sometimes 
sac until spring. But in | 
leave it and live under lea 
winter. They are quite sin 
ance to the adult. Grow 
through molting, a process ¢ 
old skin at intervals as the 
Most spiders molt from 6 t 
cease molting after they bec 


SILK SPINNING 


The spinnerets, or spit 
spiders are fingerlike apper 
located near the rear of the a 
lower surface. There are ger 
nerets, and from them may 
different kinds of silk. The 
as a liquid in various glands 
domen. This hardens to forn 
silken line as soon as it issue 
spigots on the ends of the spi 
spiders produce a viscous, < 
that is used to entangle insect: 

The copious use of silk by 


them apart. Although some « 


arachnids and many insect lar\ 
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This silken snare was made 
by a member of the Aranel- 
dae family of spiders. 


A tarantul 

can spec a body length of nine centimeters. 
they mal y occasional and limited use 
of this product. But wherever a spider goes, 
it alway es behind a dragline, or guid- 
ing threa tached at intervals to the sur- 
face on \ h it crawls. This practice sug- 
gests the ing out of a rope when a per- 
son enter jeep cave or climbs a steep 


cliff. It accounts for the many silk threads, 


or cobw we see on plants and in build- 
ings and particularly on the walls and ceil- 
ings of homes. A spider lines its retreat or 
burrow with silk; as we have mentioned, it 
encloses its eggs in a silken cocoon, often 
durably beautifully made. Particularly 


interesting is the silken snare that certain 
spiders spin to capture their prey. 

_ Spiders also use silk in the amazing 
activity called ballooning. On balmy days 
in the fall or spring, young spiders of many 
different species allow the breezes to pull 
out threads from their spinnerets. The tiny 
creatures are then raised aloft and wafted 
through the air. Tremendous distances can 
be covered in this way by spiderlings. The 
great 19th century English naturalist 
Charles Darwin recorded the arrival of bal- 
looning spiders on the ship Beagle when it 
was some 95 kilometers from land. 

__ At one time spider silk was used 
widely for lines, or markers, in the lenses of 
certain optical instruments. Silk that was to 
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der from Death Valley National Monument, California. Some South Ameri- 


serve in this way was pulled from the spin- 
nerets of the living spider and wound upon 
cards. Etched glass lines and platinum wire 
are now largely replacing spider silk. 


TARANTULAS AND TRAP-DOOR SPIDERS 


The more than 30,000 different kinds 
of spiders are divided into two major 
groups. One is made up of tarantulas and 
trap-door spiders. The other consists of the 
so-called true spiders. 

The members of the former group are 
older and in many cases more primitive 
than the true spiders. They are also much 
fewer in number, being restricted largely to 
the tropics and subtropics. Their jaws are 
parallel with the long axis of the body, are 
set side by side, and move up and down. 
The spider lifts its body and jaws high up 
before it strikes. There is a swift downward 
thrust and the fangs pierce the prey, making 
two parallel punctures. 

Some members of this group spin sheet 
and funnel webs similar to those of the true 
grass spiders. Certain species are hunters; 
they have thick foot pads that enable them 
to climb steep surfaces with ease as they 
pursue their prey. The members of other 
species are skilled engineers, digging deep 
tunnels in the soil and covering the open- 
ings with hinged trapdoors. 
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Researchers 


The crab spiders do not build a web; they lie in wait on flowers for their prey. 


Tarantulas. Giants among spiders are 
the hairy creatures called tarantulas by 
Americans and Canadians, and bird-eating 
spiders by Europeans. They belong to the 
family Aviculariidae. The largest ones, 
which dwell in the steaming jungles of 
northern South America, attain a body 
length of nine centimeters and a leg span of 
over 25 centimeters. By comparison, the 
species found in the southwestern United 
States are pygmies, with bodies only about 
five centimeters long and legs that span 
only 15 to 18 centimeters. Tarantulas are 
longer-lived than most other invertebrates: 
some of them reach the age of 25 or even 30 
years. 

The name “tarantula” is given by Eu- 
ropeans to the largest of all wolf spiders, 
Lycosa tarentula. Many legends are asso- 
ciated with this notorious creature, named 
after the city of Taranto in Italy. According 
to one of these legends, accepted as gospel 
truth in the Middle Ages, the bite of the Ital- 
ian tarantula brought on a nervous ailment 
called tarantism. The victims of this malady 
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were inclined to be melanch: nd often 
were seized with an irresisti! lesire to 
dance. A sure cure for tarantism, it was 


said, was to whirl about in the re pid mea- 
sures of the dance called th: irantella. 
Modern science scoffs at all this, for we 
know that the venom of the Italian tarantu- 
la, for all its ill repute, has little effect on 
people. 

Most tarantulas live on the ground, 


making their homes in burrows that they 
line with heavy sheets of silk. They rarely 
go far from the mouths of these burrows but 
Wait patiently for their prey to come close. 
Insects form a large part of their diet. Taran- 
tulas also subdue and devour frogs, lizards, 
and small snakes. Some of the large tree- 
dwelling species occasionally feed on small 
birds; hence the name bird-eating spiders. 

The venom of tarantulas is deadly to 
cold-blooded animals but ordinarily harm- 
less to people. The great size and hairy 
body of this spider make it appear to be 
More dangerous —this is, to humans—than 
it really is, 
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rantulas, trap-door spiders are 


ely hairy, and famed for their 
; tunnels in the earth. Their 
iment is a comb of stout spines 
ns of the jaws. After preparing 
. they waterproof the walls 
id earth, line them with silk, 
the entrance with a hinged 
me of the more active species 


construct what is known as a wafer door— 
a flimsy trapdoor of silk that lies loosely 
over the burrow. In some cases, the makers 
of wafer doors have a secret side burrow 
within the main chamber into which they 
can retreat when menaced by enemies; this 
burrow is closed with a second trapdoor. 

The most expert artisans among the 
trap-door spiders build a thick door of alter- 
nating layers of soil and silk. It is beveled to 
fit into the burrow opening much as a cork 
fits into a bottle and, appropriately enough, 
is called a cork door. It is heavy enough to 
close of its own weight; it can be held firmly 
from within. 


TRUE SPIDERS 


The true spiders far outnumber taran- 
tulas and trap-door spiders and are the 
common forms occurring in fields and 
woods in temperate zones. The jaws of true 
spiders are set side by side, as in the case of 
tarantulas, but the fangs of true spiders are 
turned inward and move toward each other 
as they pierce the body of the prey. Few 


elf down by its thread onto a flower. 


Twomey/Photo Researchers 
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true spiders live longer than one year. They 
may be conveniently grouped in two class- 
es—the sedentary, or settled, web species 
and the more active wanderers, or vaga- 
bonds. 

Sedentary webbuilders. These spiders 
rely greatly on silk throughout their lives. 
Their sense of sight is poor. They make up 
for this deficiency by building large and 
efficient web-snares. The struggles of an 
insect in even the most remote recesses of 
the web are communicated to the spider, 
which has been patiently waiting for its 
meal to come to it. 

Familiar to most of us are the tangled 
webs spun by the commonest of all house 
spiders, Theridion tepidariorum, which is 
as much at home in the tropics as in temper- 
ate regions. Males and females of this spe- 
cies live amicably together in the same web, 
thus disproving the popular belief that the 
female of the house spider always eats the 
male. 

A rather distant relative of the com- 
mon house spider is the funnel-web spider, 
which places its sheet web in the corner of a 
basement, rushing out to seize any insect 
that alights on the web. 
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Quite closely allied to the common 
house spider is one that has become noto- 
rious throughout the world for its venom, 
This is the black widow, or shoe-button, 
spider, Latrodectus mactans. It spins a 
small, tangled net in some dark crevice and 
hides away during the day. The glossy 
black abdomen of the mature female does 
indeed resemble an old-fashioned shoe but- 
ton; the rather long legs are only slightly 
less black. Red spots and dashes adorn the 
upper surface of the abdomen, especially in 
the males and in the immature stages; but 
mature females usually lose all bright upper 
markings. On the underside is a blood-red 
marking resembling an hourglass. This is 
visible in living specimens because these 
spiders always hang back-downward in the 
web. The female sometimes destroys the 
male, whence the name “black widow”; but 
she is quite as likely to live on friendly 
terms with her mate. 

The venom of the black widow and of 
its close relatives throughout the world is 
an extremely potent one, fatal to small 
mammals and frequently serious in the case 
of humans. Although few humans succumb 
to the bite, the symptoms are often most 
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The female black widow 
spider confronts her mate 
in her web of tangled 
thread. She is consider 
ably larger than the male. 


S. J. Kraseman/Photo Researchers 


An orb-w pider hangs on to a radial thread 
and attach spiral thread to it. 

alarming and are accompanied by excru- 
ciating | Fortunately for us, the black 
widow < r is a rather timid and retiring 
creature urthermore, her striking mark- 
ings make her easy to recognize. 

The orb weavers, or geometric spiders, 
form a numerous group. They construct the 
familiar type of web known as the orb web 
—a roug rectangular framework of silk 
from which extend threads that meet in the 
center, like the radii of a circle. A sticky 


spiral is laid down upon these radial 
threads, The web is usually placed at an 
angle; the spider hangs away from the 
sticky spiral lines and touches the others 
only with the claws of its feet. 

The shimmering lightness and intricate 
symmetrical design of the orb web make ita 
thing of wonder and beauty. To the Ameri- 
can Indians the orb web is a symbol of the 
heavens. The four corners of the frame- 
work point to the four cardinal points of the 
compass. The silky spiral represents, SO It 
is believed, the mystery and the power of 
the Great Spirit. 

Vagabond spiders. Vagabond, or wan- 
dering, spiders place much less reliance 
on silk than do their sedentary relatives. 
They use silk chiefly to cover their 
eggs and line their retreats. They have 


fairly good eyesight and actively pursue 
prey. 

The wolf spiders are swift hunters, liv- 
ing on the ground. They drag their egg sacs 
behind them. These look like white balls 
and are attached to the spinnerets. When 
the young hatch, they climb onto the back 
of the mother and stay there until they are 
able to provide for themselves. 

Vagabond spiders also include the 
fisher spiders, or pisaurids. Some of them 
run over the surface of ponds and streams 
and dive and stay under water for long peri- 
ods. They are known to capture small fishes 
and frogs, which they drag to the edge of 
the pond or stream and suck dry. The fe- 
males carry large egg sacs around in their 
jaws. Later, at the tip of a plant, they spin a 
substantial nursery web in which the young 
hatch. The mother stands guard over the 
young until they are old enough to look out 
for themselves. 


The scorpion is armed with two powerful pinchers 
in front and a deadly stinger behind. 


Jacques Six 
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N. Smythe/Photo Researchers 
The daddy longlegs isa wandering scavenger with- 
out a nest. This one is infected with red mites, the 
smallest of the spider group. 


The water spider, Argyroneta aquati- 
ca, of Europe is able to live in the fresh 
water of streams for weeks, enclosed in a 
little diving bell of silk. This spider carries 
air bubbles beneath the surface to its retreat 
and keeps a Supply of air imprisoned in the 
silken chamber, Even the eggs are laid and 
the family hatched out under water in the 
security of the nest. 

The jumping spiders are the most 
highly developed of the vagabonds. Bright- 
ly colored and ornamented with tufts of 
hair, hanging Scales, and curious Spines, 
these strongly built creatures run about ac- 
tively on the ground and on vegetation. 
They have excellent eyesight. While court- 
ing, the little males dance and pose before 


the females, apparently to show off their 
bright colors. 


SCORPIONS AND HARVESTMEN 


Other arachnids, closely related to Spi- 
ders, are the Scorpions and the harvestmen, 
or daddy longlegs. They differ quite mark- 
edly from the spiders in appearance. 
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Scorpions. A scorpion »rmidable 


weapons. In front it is ar th a pair 
of powerful pincers. Behir abdomen 
narrows to form a long ta g With a 
curved sting. When the s is ready 


for the kill, it seizes its pre 
spider —in its pincers. The 


sect ora 
ng its tail 


over its back, it thrusts it the vic- 
tim and injects the latter w še of poi- 
son. The scorpion will fea tack any 
animal that molests it, nc S size. 

The sting of several s pecies is 
very painful and dangero le, espe- 
cially children. In the case species, 
however, the sting is pair 1ot fatal, 
There is a legend that scor netimes 
commit suicide by stinging ves, but 
the fact of the matter is are not 
affected by their own veno 

The female scorpion ours the 
male after mating. It bring s young 
alive and carries them on i ntil they 
are ready to get along by t! 2S. Scor- 
pions generally do their it night. 
When dawn comes, they ! \me con- 


venient place of refuge —ı one ora 


rotting log or in some pers: e 


Daddy longlegs. An oi ture, the 
daddy longlegs has long gs and a 
small egg-shaped body fuse a single 
piece, It is a wandering >r. It has 
no burrows or nest but bout the 
fields in search of its food consists 
of small insects, living and Its chief 
protection against enemies i auseating 


odor of its stink glands. It is harmless 


to humans. 


MITES 

Mites are the smallest of rect 
Their bodies are egg-shaped und. i 
head, thorax, and abdomen form a sire 
unit. Many mites are reddish in color. They 


live in soil or debris or move freely over 
plants. Some of the most gaily colored spa 
cies have taken to living in water and swim 
with the aid of long hairs on their legs. d 

The tiniest mites are wormlike a 
suck plant juices, causing galls, spots, ee 
blemishes on some garden plants and T 
Other pygmies live in the air tubes of the 
honey bee and in the hair cavities of mam- 


mals, including humans. The free-living 
forms feed on tiny animals or eat decaying 
vegetable inimal matter. About half the 
mites are parasitic and live on the bodies of 
inverteb: or vertebrates during all or 
part of the ves, 

Mite ich from eggs as six-legged 
larvae. A ı certain period of feeding, the 
larva chi into a nymph, an eight-legged 
form tha 10t yet mature. It undergoes 
one or | 1ymphal stages and then be- 
comes ar ilt 

Am the most troublesome mites 
are the | of the harvest mites. These 
larvae, n commonly known as red bugs, 
or chig abound in grassland areas. 
They at themselves to the skin of peo- 
ple, cau violent itching and irritation. 
Their v also include rats, rabbits, 
birds, and other animals. Certain species 
transmi bacterialike organisms that 
cause s typhus, a disease that is often 
fatal to } ins. 

Ticks ks are the largest of the mites. 
When a female is swollen with food, it may 
be more than two centimeters in length. 
The skin of a tick is leathery; its upper sur- 
face is provided with a tough plate, called 
the scutum. The beaklike mouth parts are 
forced into the skin of the tick’s hosts. Af- 
ter a female tick has become swollen with 
food, she falls to the ground and lays her 


eggs, which usually number several thou- 
sand. The six-legged ticks that emerge from 
the eggs climb plants; as a cow or other 
host brushes by, the ticks attach them- 
Selves to it. 

Some ticks use the same host through- 
out their lives. Others require two or three 
different kinds of hosts in order to complete 
their life cycle. Many ticks attack people 
and are a source of great annoyance be- 
Cause of their irritating bites. Among tick- 
borne diseases are Texas fever, which pri- 
marily affects cattle, and Rocky Mountain 
Spotted fever, which is a very serious dis- 
ease of mankind. 


MILLIPEDES AND CENTIPEDES 


These many-legged arthropods are 
rather distant relatives of the spiders. They 
belong to the Myriapoda, or myriapods. 


Jack Fuller 


American dog tick. They feed on dog blood. Some 
ticks transmit Rocky Mountain spotted fever. 

The name means “countless legs” and re- 
fers to the many pairs of jointed legs. The 
head is not fused with the thorax (as it is in 
the case of the spider); it bears antennae 
and a pair of eyes. Below the head are jaws 
and accessory mouth parts similar to those 
found in insects. 

Millipedes. The millipedes make up the 
class Diplopoda. They are very sluggish 
animals that live under stones, debris, and 
bark and in deep soil and humus —in fact, 
wherever it is sufficiently moist and dark. 
They feed for the most part on decaying 
vegetable matter. A few speices of milli- 
pedes are pests in gardens and green- 
houses, where they often attack the bulbs 
and roots of plants. 

The millipede body is divided into ring- 
like segments. Each segment bears two 
pairs of walking legs. For this reason the 
millipedes are called diplopods, which 
means “double-legs.” 

When millipedes hatch from eggs, they 
have three or four pairs of legs. They gradu- 
ally add additional pairs as they molt. At 
maturity some of them have as few as nine 
pairs, while others have more than a 
hundred. Even this respectable total is a far 
cry from the “thousand legs” indicated by 


their name. =) 
Some species of millipedes are very 
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pretty creatures, with chestnut bodies mar- 
gined in yellow or pink. The large, brown 
members of the genus Spirobulus are com- 
mon in North America and often exceed 
five centimeters in length. These millipedes 
give off a strong-smelling yellow secretion 
when menaced. Some millipede species 
curl up into a coil when menanced, to 
protect their softer underside. All milli- 
pedes are harmless to humans, 

Centipedes. The centipedes (“hundred 
legs”) are the wolves of the myriapod clan: 
they actively hunt small animals that live 
on or in the soil. They subdue their prey 
by poison from the first pair of legs, called 
the poison claws. 

Unlike the millipedes, each body seg- 
ment of the centipedes has only a single 
pair of legs. Freshly hatched centipedes 
have six or seven pairs of legs, or even 


Millipedes are ) found un- 
der damp wo tones. Each 
of its body s its has two 
pairs of legs ce its class 
name is Diplo 

© Tom Hughes/PR 
more. Adults commonly h: I5 pairs. 
Certain species that dwell < vithin the 
soil have nearly 200 pairs, exceeding 
the quota of the millipedes 

Centipedes make up the Chilopo- 
da. Some tropical species 30 centi- 
meters long and able to inflic ry severe 
bite. Smaller species, foun temperate 
regions, bite viciously. Thei om causes 
a disagreeable irritation b not dan- 
gerous. 

The house centipede, gera co- 
leoptrata, which crawls or walls of 
damp cellars, differs marke« n appear- 
ance from most of its relati» It has 15 
pairs of very long legs, which « off when 
they are touched. Most pe find the 
house centipede a repulsive creature. Yetit 
should be hailed as an ally, for it feeds on 


insect pests. 


© L West, Audubon/PR 


Many centipedes have 20 body 
segments and a pair of jointed 
legs for each segment. Some 
tropical centipedes are more 
than 30 centimeters long. 


INSECTS 


By John ©. Pallister 

The ts are the most numerous, 
the most əd, and the most widespread 
of all an . The adult insect is a six- 
legged an that generally has two pairs 
of wings 

Insect range in size from the 0.002 
centimet: ong fairy fly and the 0.025 
centimet ng fungus beetle to the ele- 
phant be which is as large as a man’s 
fist, stick cts which may reach a length 
of 30 cen ers, and the huge Atlas moth, 
with a w pan of 25 centimeters. 


Alre something like a million spe- 


cies of ir s have been described, and 
new one being discovered every year. 
There ar bably more than two million 
inall. 

Insects live in almost every land area 
of the gt They are found well up be- 
yond the ctic Circle, on high mountain 
peaks, ir p caves, and in forbidding des- 
erts, as !! as in the areas, such as the 
tropics, where they particularly thrive. 
They are by no means restricted to the land. 
Some adult insects and many larvae dwell 
in lakes nds, and streams. A few are 
found in or near brackish water and along 


the tidal limits. A very few live in the 


offshore waters of the ocean. 

Certain adult insects have just one im- 
portant function—to reproduce; they mate, 
deposit egys, and die. A number of insects 
live only through the summer season. 


Others survive the winter. Certain social 
insects may live for a few years. 

These widely distributed little crea- 
tures make up the class Insecta in the phy- 
lum Arthropoda. This phylum, made up of 
segmented animals with jointed legs, in- 
cludes such familiar animals as spiders, 
ticks, mites, centipedes, milipedes, scor- 
pions, shrimps, crabs, and lobsters. 


INSECT BIOLOGY 


Insects lack an internal skeleton. To 
Protect their soft internal organs insects 
have evolved a hard outer skeleton known 


Nature in Pictures — Ross E. Hutchins 


Insects have evolved a great many habits to take 
advantage of the world’s diverse habitats. Here, a 
weevil feeds on a cotton boll. 


as an exoskeleton. The exoskeleton is made 
hard by a substance called sclerotin. The 
exoskeleton also contains chitin, proteins, 
and sometimes minerals—calcium salts, 
mostly. The exoskeleton is resistant to 
water, weak acids and bases, alcohols, and 
the digestive enzymes of most mammals. 

Some insects—beetles, for example— 
have a very hard body covering. Aphids 
and some others, on the other hand, have 
a very fragile covering. 

The body of the insect is divided into 
three parts: the head, thorax, and abdomen. 


HEAD 


The head is oval, globular, or simply 
roundish. It may be large or small in pro- 
portion to the body. 

Antennae. Except for a few primitive 
varieties, all insects are equipped with one 
pair of antennae, which arise from the front 
of the head, usually near the eyes. They 
function as organs of touch. The antennae 
of some insects also act as organs of smell. 
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The antennae of mosquitoes, some flies, 
some butterflies, and some wasps are able 
to receive sound waves. Antennae show 
great diversity in size, shape, and structure. 
They may resemble threads, or strings of 
beads, or tiny combs, feathers, clubs, or 
hammers, to list just a few forms. 

Eyes. Insect eyes are of two kinds, 
simple and compound. The compound 
eyes, often large and prominent, are com- 
posed of small hexagonal lenses called 
ommatidia. There are usually only a few 
lenses in the compound eye of an ant or 
other ground insect. There may be as many 
as 28,000 in the case of the dragonfly. 

The simple eyes, called ocelli, are very 
small. In adult insects, they are usually two 
or three in number and are placed near the 
compound eyes. Probably they permit the 
insect to distinguish between light and dark- 
ness. The immature insect usually has only 
simple eyes. Most adults have compound 
eyes. Many adults have simple ones as well. 
A considerable number have no eyes. 

Mouth parts. Some insects bite and 
chew their food, which may be pretty tough 
material, such as wood. Others pierce plant 
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tissues and suck the juice. Others may 
suck the blood of animals. 

An insect has three pairs of jaws. The 
mandibles, or true jaws, make up the first 
pair. In sucking insects, h as mos- 


quitoes, the mandibles are fused together to 
form a needle-sharp piercing tube. Some 
male beetles and soldier ants have enor- 
mously enlarged mandibles look and 
perform like claws. Certain | rflies have 
no mandibles at all. Below mandibles 
there is a second pair of jay maxillae. 
These hold food, carry it to t nouth, and 
chew it sideways instead o! ind down. 
On the maxillae are a pair « lers, called 
palpi, which may be quite | d conspic- 
uous. The final pair of jaws ften fused 
together to form a lower lip « l a labium. 
It too has palpi. Both sets vi are sen- 
sory organs, conveying sen ns of taste 
and smell as well as of touch 

Many insects have ; i of short, 
fleshy tongue called a hypop x 
THORAX. 

Behind the head is the rax, which 
supports the legs and wings composed 


HIND WING 


SPIRACLES 


ABDOMEN 


of three segments, each holding one pair of 


legs. 
Legs. Almost all insects have six true 


legs, and e has more than six. Some 
immature cts have no legs. The imma- 
ture insects called caterpillars have three 
pairs of true thoracic legs and from two to 
ten other pairs on the abdomen. Certain 
adult forms use their two front legs for dig- 
ging; others, for seizing their prey; still 
others, for holding the female during mat- 
ing. Insects that swim have paddlelike mid- 
dle and hind legs. The hind legs of grass- 
hoppers, feas, and other jumping insects 
are greatly enlarged. Some insects have a 
comblike siructure on their front legs, 
which is used for cleaning their antennae. 
Usually insects move their legs in sets of 
three: the ‘rst and third legs on one side 
move with ‘he second leg on the other. 


Wings. Certain insects are wingless 


throughow: their entire lives. Others may 
have only one pair of wings. The majority, 
however, have two pairs, one pair attached 
to the middle segment of the thorax and the 
other to the last segment. In flies, the sec- 


ond pair of wings is represented by a pair of 
little stumps, called halteres. In effect, 
therefore, fies have only two wings. The 
forewings of beetles are stiffened and thick- 
ened into a shieldlike covering, called an 
elytra, for the delicate rear wings. 

Insect wings are supported by a net- 
work of tubular veins. Wings may be 
smooth and transparent or covered lightly 
or heavily with fine or coarse hairs or with 
minute colored scales. The iridescent colors 
Seen on some moth and butterfly wings are 
usually due to diffraction by these scales. 


ABDOMEN 


The abdomen is usually the largest part 
of an insect’s body. It is composed of a se- 
ries of nine to eleven ring-shaped segments. 
These may be closely jointed, making the 
abdomen stiff and rigid, or so loosely joint- 
ed that the insect is able to curve its abdo- 
men up over its head. Commonly, the first 
Segment is as broad or nearly as broad as 
the thorax to which it is attached. In wasps, 
ants, and other “wasp-waisted” insects, the 
first and often the second and third seg- 


TYPICAL STRUCTURE 
OF THE INSECT HEAD 


Basic segments 
a 


Labium 


Labrum 
Mandible 
Maxilla 


Maxillary palp 
Labial palp 


ments are extremely narrow, while the rest 
of the abdomen is globular. 

Many insects carry prominent append- 
ages at the end of the abdomen. These 
may be a pair of long bristles, or tails, look- 
ing like antennae and serving much the 
same purpose. In the case of earwigs, the 
appendages consist of a pair of strong pin- 
cers at the end of the abdomen. Some fe- 
male insects have a long ovipositor, or egg- 
laying tube, projecting from the tip of the 
abdomen. Ants, wasps, and bees use the 
ovipositor as a stinger. 


COLORATION 


Many insects wear odd or beautiful 
decorations, at whose purpose we can only 
guess. They may have horns, spines, or 
ridges on the back or head. Hairs, stiff or 
silky, may cover therh all over or in patch- 
es. On the wings of moths and butterflies 
the hairs are flat and scalelike. 

Insect colors are often striking, Cer- 
tain colors —browns, blacks, and yellows — 
are usually due to pigmentation, or coloring 
matter occuring in the exoskeleton. Metal- 
lic and iridescent colors are due to light dif- 
fraction from the surface structure. Green 
and magenta are due to both these factors. 


PHYSIOLOGY 


An insect has no lungs. It takes air 
through openings along its sides into a sys- 
tem of air tubes, called tracheae, which 
spread throughout the body and wings. 
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HEAD AND MOUTH 
PARTS OFA 
GRASSHOPPER, A 
CHEWING TYPE 
OF INSECT 


2 Compound eye 
3 Antenna 

4 Labrum 

5 Mandible 

6 Maxilla 

7 Maxillary palp 
8 Hypopharynx 
9 Labium 

10 Labial palp 


HEAD AND MOUTH 
PARTS OF A BEE, 
A LICKING- 
SUCKING TYPE 
OF INSECT 

1 Ocellus 

2 Labrum 

3 Mentum 

4 Labial palp 

5 Glossa (tongue) 
6 Maxilla 

7 Maxillary palp 

8 Mandible 

9 Antenna 

10 Compound eye 


HEAD AND MOUTH 
PARTS OF THE 
BUTTERFLY, A 
SUCKING TYPE OF 
INSECT 

1 Antenna 

2 Compound eye 

3 Labial palp 

4 Proboscis 


5 Maxillary palp 
6 Mandible 
7 Labrum 


HEAD AND MOUTH 

PARTS OF AN 

HETEROPTERON, 

A PIERCING- 

SUCKING TYPE 

OF INSECT 

1 Labrum 

2 Antenna 

3 Compound eye 

4 aca lestonning 

5 Maxilla a stinging 

6 Labium stylet 

HEAD AND MOUTH 

PARTS OF A 

HORSEFLY, A 

PIERCING- 

SUCKING TYPE 

OF INSECT 

1 Compound eye 

2 Labium 

3 Mandible 

4 Hypopharynx 

5 Maxilla 

6 Labrum and 
epipharynx 

7 Maxillary palp 

8 Antenna 
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1 Ocellus (simple eye) 


Aquatic insects breathe through tracheal 
gills, or they have chambers that they can 
fill with fresh air before they submerge. 

A simple pulsating tube, open at both 


ends, serves to keep the od in motion 
throughout the body. In some insects pul- 
sating sacs in the knee ts drive the 
blood through the legs. The blood is usually 
colorless or greenish. Some *quatic insects 
and some larvae have red blood. 

The digestive system ies with the 
food habits of insects. So: ike only liq- 
uid food. In those which eat solids, the food 
passes from the gullet into orage cham- 
ber, or crop. From there it s into a giz- 


zard, where it is ground | and thence 
into the gut for digestion. 
Special glands account 
extraordinary activities of 
lars and all other insect lary 
are equipped with silk glani 
spittle bugs is whipped up 


some of the 
ts. Caterpil- 
that spin silk 
The froth of 
m a secretion 


that comes from a gland near the tip of the 
abdomen. Small glands provide certain in- 
sects with poisonous or ill lling liquids 
or gases with which they confound their 


glands. The 


enemies. Honeybees have w 
d most other 


glands of aphids, lac insects 
members of the Homoptera secrete waxy 
substances. The wings of some male butter- 
flies have scent glands that atiract females. 

Considering its size, an insect has an 
extremely large and complex nervous sys- 
tem. The nerve centers of the brain, in the 
head, control the eyes, the antennae, and 
the mouth parts. Double nerve cords lead 
from the brain back to other nerve centers, 
each of which controls an adjacent part or 
function. 

The sense of touch of insects is cen- 
tered chiefly in their antennae, but many 
species have abdominal cerci, or bristles; 
which also react to touch. Caterpillars and 
many other larvae and some adults are 
equipped with sensitive hairs and spines. 

Organs of smell are often found on the 
antennae. They sometimes occur on the 
hind legs, feet, or some of the mouth parts: 
The insect can detect sounds through Of 
gans located in various parts of the body: 
These auditory organs are on the antennae 
of the true flies and of some butterflies an 


wasps. Katydids and crickets “hear” 
through so-<«/led “ears” on their front legs. 
Grasshop} hear through structures on 
each side the abdomen, near the base. 
Many insecis have organs or specialized 
structures producing sound. These are 
never in te mouth or throat, but some- 
where on | bdomen, legs, or wings. 
REPRODU ON 

All in s develop from eggs, which 
vary greativ in size and shape. Some are 
microscopic Others are spheres about 
three mil! =eters in diameter or slender, 
cone-shaj tructures about six millime- 
ters long 

Inm pecies the female deposits her 
fertilized singly or in groups or masses 
in or nea particular food that the young 
will eat — i ire or the body of an insect or 
other ani in some aphids and flies, the 
eggs hatch within the mother’s body. Cer- 
tain ants, “ses, wasps, and aphids produce 
a genera of perfectly formed adults 
from unfertilized eggs. This process is 
called par: *enogenesis. In aphids, a gener- 
ation produced in this way usually alter- 
nates with 4 generation of insects from fer- 
tilized eg 


The number of eggs laid by female in- 
sects ranges from a few to many thousands. 


In genera! the solitary insects that provide 
good protection for their eggs deposit a 
comparatively small number. Those that 
drop their eggs in exposed places—on 
leaves, t „or in water, where the mortal- 
ity will be great — may lay several hundred. 


Among the social bees, termites, ants, and 
wasps, where large colonies are necessary, 
the queen may deposit several thousand 
eggs in a single day. Her eggs and young are 
cared for and fed by a special caste of 
adults. 

_ The young of the noncolonizing spe- 
cies are not attended in this way. As soon 
as they are hatched they are able to care for 
themselves. Since the eggs were deposited 
in or near the food supply, the larval insect 
Starts at once to feed on its immediate envi- 
ronment. Where eggs have been laid in 
Masses, the first to hatch are quite likely to 
devour the later arrivals. 


GROWTH AND METAMORPHOSIS 


In the process of growth, from egg to 
adult, most insects pass through a series of 
drastic changes, called metamorphosis. In 
the case of many insects, there are four 
stages in this development: (1) the egg 
stage, which ends when the young insect, 
called the larva, emerges from the egg; (2) 
the larval stage, in which the insect con- 
stantly feeds, sheds its exoskeleton several 
times, and becomes an inactive pupa after 
the final larval molt; (3) the pupal stage, a 
period of inactivity in which the body of the 
insect undergoes striking changes; (4) the 
adult stage. If the insects go through all four 
stages, the metamorphosis is said to be 
complete. It is called incomplete if the pu- 
pal stage is omitted. 

Larval stage. Various special names 
are applied to the larvae of insects. The 
young of grasshoppers, mantids, crickets, 
cockroaches, cicadas, and others are often 
called nymphs. Young dragonflies, stone 
flies and May flies, which live under water, 
are known as naiads. The name caterpillar 
is given to the young of moths and butter- 
flies. Other names applied to larvae are 
maggots, grubs, and worms. 

In the case of many species, the larval 
stage is the longest period of the insect’s 
life. The periodical cicada spends either 
thirteen or seventeen years as a nymph 
underground. Many May flies live from 
three to five years as naiads and only a few 
hours or a few days as adults. Some wood- 
boring beetles are said to spend from twen- 
ty-five to thirty years as grubs within a tree 
trunk. 

The larvae of the insects with complete 
metamorphosis bear no resemblance to the 
adults, as witness the caterpillars that be- 
come moths and butterflies, the maggots 
that become flies, the wireworms that grow 
to be click beetles. After undergoing a 
number of molts, the larvae are ready to 
enter upon the pupal stage. Those that have 
been dwelling underground or within a 
plant or animal will stay quietly in their 
quarters. Some of those that have been liv- 
ing in the open will surround themselves 
during this critical stage with a protective 
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4 Setaceous 
2 Filiform 

3 Pectinate 
4 Clavate 

5 Lamellar 


6 Plumose 


(cockroach) 
(beetle) 
(saw-fly) 
(butterfly) 
(may-bug) 


(male mosquito) 


case. The cocoon of the silk-spinning moths 
is the best-known example. People use the 
cocoon material to make silk. 

Pupal stage. The pupa, as the insect is 
called in the quiescent stage, undergoes a 
startling transformation into the adult form. 
The entire larval body is not transformed 
into an adult. Rather, the adult comes from 
a group of cells, or imaginal disk, situated 
on the larval body. The transformation may 
be completed within a few days, or it may 
take all winter. Finally, the adult insect 
breaks out of the pupal skin (and also the 
protective covering, if it had one) and dries 
its wings. The adult insect is called the 
imago. It will never change again, nor will 
it ever increase in size. 

Miniature adults. The young of insects 
with incomplete metamorphosis, such as 
dragonflies, cicadas, and grasshoppers, re- 
semble the adult form somewhat but have 
no wings. Wing pads appear only after the 
larvae have molted several times. Certain 
insects with incomplete metamorphosis, 
such as lice and camel crickets, have no 
wings as adults. When the dragonfly naiad 
has reached its full growth, it comes out of 
the water in which it has developed onto 
some convenient plant stalk. The cicada 
nymph pushes out of the ground and climbs 
a meter or so up a tree trunk. The grasshop- 
per nymph stays where it is. In each case, 
the hard exoskeleton splits down the back 
and a brand new creature emerges, with 
small damp wings. Soon the wings expand 
and dry, and the insect flies off. 
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VARIATIONS WITHIN SPECIE 


Even the individuals within a species 
may vary in color or size, So! mes enor- 
mously so. This phenomenon illed poly- 
morphism. It occurs to a ci extent in 
most species. A mass of e; f the tiger 
swallowtail butterfly may uce some 
females that are black and jw like the 
males, and some that are dark gray and 
black. Spring, summer, and broods of 
butterflies often differ in co id size. 

Social insects. Variatior ithin spe- 
cies reaches its maximum velopment 
among the social insects. Al! termites, all 
ants, a few families of was; nd a few 
families of bees live in highly organized 
communities, whose members are separat- 
ed by physical differences into several 


types or castes, each with its own tasks. 
In general, each colony is founded by oF 
around a queen, who is ordinarily much 
larger than the other members and who 
does nothing but lay eggs. Besides the 
queen, there are the true males, the sexless 
workers, the soldiers and, at times, the 
young queens. Generally, the ants have the 
most complicated social organization. They 
use several kinds of both workers and sol- 
diers to maintain a colony. Bees and wasps 
get along with a simpler system of queen, 
males called drones, and workers. Insect 
colonies range in size from hornet nies 
with a few dozen individuals to tropical an 
and termite “cities,” which have popula- 
tions in the millions. 


ANINSECT’S WING 
Sclerites 


Jugum or jugal lobe 


Solité isects. The great majority of 
insects are solitary; that is, they do not co- 
operate in forming nests, feeding the young 
or fighting. even though they may collect in 
masses, he ladybirds do, or travel in 
great hordes, as do the grasshoppers. 
DEFENSE 


All ins-cts have many enemies, big and 


small. Man wages unceasing warfare upon 
the species that infect him with disease, or 
that attack his crops, animals, and goods, or 
that annoy him with their stings and bites. 
Many species are the prey of other insects 
or of bir snakes, spiders, or fishes. In- 


sects have developed a variety of defensive 

weapons a st such enemies as these. 
Stink ids, from which nauseating 

odors can be ejected, protect stinkbugs, 


bedbugs, many different beetles, and some 
caterpillars {rom attack. Other insects dis- 
charge malodorous or poisonous fluids. The 
grasshopper covers his would-be captor 
with a brownish liquid called “tobacco 
juice”. Blister beetles, oil beetles, and 
others discourage attack with caustic secre- 
tions. The hairs or bristles on many cater- 
pillars irritate the skin, either through mere 
contact or because they carry poison from 
glands at their base. 

It would be hard to imagine a method 
of camouflage that has not been used by 
Some insect species or other. Ground in- 
Sects and those that do not fly too far afield 
are likely to be colored in monochromatic 
Shades of brown, or green, or gray, match- 
ing their backgrounds, or in mottled pat- 
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terns that blend with sunlight and shadow. 
Others, whose activities might make them 
more noticeable, often wear brilliant or 
startling colors. This is supposed to warn 
that the insect carries stink fluids or is 
otherwise unappetizing. Sometimes the 
conspicuous colorings of dangerous or ill- 
tasting insects are mimicked by more vul- 
nerable species. The viceroy butterfly apes 
the inedible monarch butterfly. The harm- 
less yellow and black syrphid fly resembles 
the wasp called the yellow jacket. 


INSECTS AND MAN 


Since man is almost everywhere and 
insects are almost everywhere on the land 
areas of the earth, and since both eat all 
kinds of food and use all kinds of materials 
to build their homes, it is obvious that their 
interests will often conflict. To be sure, 
there are surprisingly few insect species 
that are at any time dangerous to man’s 
health or possessions. It has been estimated 
that less than one tenth of one per cent of 
all the insects in the world have any harm- 
ful relationship with man. But this rela- 
tively small percentage takes a heavy toll in 
human health, lives, and possessions. 


EFFECT ON HUMAN HEALTH 


Most of the insects that seriously affect 
man’s health belong to the Diptera, or true 
flies. Bot flies, warble flies, and some other 
Diptera species are parasitic on man and 
other mammals, spending all their larval life 
within the body of the host. The common 
housefly spreads disease by walking first 
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over germ-laden filth, and next over hu- 
man food or hands. Typhoid fever, dysen- 
tery, and cholera have been transmitted in 
this way. 

Insects that feed on human or animal 
blood often carry disease organisms in their 
salivary juices. One kind of mosquito trans- 
mits malaria; another, yellow fever. Still 
others are vectors, or carriers, of dengue, 
filariasis, and encephalitis. Tsetse flies car- 
ry the African sleeping sickness. Deer flies 
transmit tularemia. Fleas, lice, and bedbugs 
carry typhus, relapsing fever, and one form 
of bubonic plague. 

Many insects irritate us without seri- 
ously disturbing our health. We are an- 
noyed by the bites of mosquitoes, black 
flies, horseflies, and midges. The caterpil- 
lars of the brown-tail moth are covered with 
bristles that sting like nettles. The stings of 
bees, wasps, and ants are often painful and 
dangerous to people allergic to them. 


EFFECT ON CROPS 


Insects that are injurious to our agri- 


ATYPICAL INSECT’S LEG 
(GROUND BEETLE) 


Coxa 


Trochanter 


Femur 


Tibia 


Tarsus 


Claws 


INSECTS 


cultural crops, food products, clothing, and 
wooden buildings are more numerous than 
those that affect our health. They belong 
to many orders, particularly the Coleoptera 


(beetles), the Isoptera (te ), and the 
Lepidoptera (moths and butterflies). Some 
of the most damaging of these pests are of 
foreign origin. In their nati inds they do 
little or no damage, usu because at 


home they have too many 
enemies to attain a destru 


»0 formidable 
population, 


Brought to other count: y accident, 
they are free to feed and ı ply on what- 
ever crop is attractive t em. In the 
United States, the Hessian the Europe- 
an corn borer, the codling 1, the gypsy 
moth, the brown-tail mot! e Mediterra- 
nean fruit fly, and the Ja; e beetle are 
prominent examples of in: hat are rela- 
tively harmless in their n regions, but 
cause great damage elsewh 

Besides damaging cro; feeding on 
them, insects often transn int diseases, 
They may carry the spores o” a destructive 
fungus on their feet or n ı parts from 


one plant to another. TI 


engraver 


beetles carry the Dutch elm disease. They 
may harbor a plant virus through part of its 
development within thei: yentary sys- 
tems. Aphids, leafhoppers, and other plant- 
sucking insects transmit certain blights in 


this manner. 
CONTROLLING INSECTS 


Man spends a great deal of time and 
money trying to defend himseif from insects, 
and with only partial success. To keep out 
immigrant insects of known destructive- 
ness, governmental authorities establis 
quarantines; but their effectiveness is limit- 
ed by the smallness and persistence of the 
incoming pests and the lawlessness, igno- 
rance, and carelessness of many people. 
Chemical warfare upon insect pests iS 
waged with insecticides. Man also carries 
on biological warfare against the pests. The 
breeding places of the offending insects are 
destroyed. Patients suffering from diseases 
Such as malaria and yellow fever ale 
Screened from insects that could transmi 
the diseases to other human victims. Ento- 
Mologists (scientists who specialize in the 


study of insects) seek out the insect pests’ 
natural enemies and turn these enemies 
against the pests. 
BENEFICIAL INSECTS 

As we nave pointed out, comparatively 
few spec of insects are to be reckoned 
among © nemies. Certain species are 
directly | ficial to man. The honeybee 
supplies ù+ with honey; the silkworm, with 
silk. Onc e of scale insect provides us 
with the tuff cochineal. Another gives 
lac, fron ich the commercial shellac is 
derived 

Insc benefit man indirectly in many 
ways. lí did not help to pollinate 
plants, v uld be deprived of most of our 
fruit trees. our beans, peas, and other leg- 
umes, ani ‘housands of other plants that 
are useful io us. Our freshwater fish feed on 
insects. lo many of our game birds. In- 
sects are valuable as scavengers. They 
help keep ‘he earth reasonably unencum- 
bered. It rue that they destroy some of 
our mosi rished plants, but they also at- 
tack weeds, They are among our most ef- 
fective allies in the war against insect pests. 
Above all. they play an important part in 
maintainioy, the balance of nature, upon 
which o: ry existence depends. 

TYPES OF INSECTS 
The class Insecta is divided into two 
Apterygota, or wingless in- 

sects, and Pterygota, or winged insects. 


The winged insects are further divided on 
the basis of metamorphosis. The insects 
that undergo incomplete metamorphosis 
are the Exopterygota. The insects that un- 
dergo complete metamorphosis are the 
Endopterygota. 


APTERYGOTA 


The wingless insects are primitive 
forms, probably the first insects to appear 
upon the earth. They now dwell in almost 
every land area. The young differ from the 
adults chiefly in size. y 

There are four orders of wingless in- 
Sects. These are the Protura, Thysanura, 
Collembola, and Diplura. 

Protura: The insects of this order were 


J. Six 


Insects lay eggs, generally many at a time. This po- 
tato beetle deposits her eggs on a leaf. 


not recognized until 1907. They are whitish 
and from 0.5 millimeter to 2 millimeters in 
size. They have no antennae, but use the 
first pair of legs as feelers. The number of 
abdominal segments increases with growth. 

Thysanura:  bristletails, silverfish, 
slickers. They range up to one centimeter in 
length. They have very long antennae and 
often three long tails, or cerci. Many of 
them look like small shrimps. Some are 
found in lichens, mosses, and rotten wood. 
Others live in books and under wallpaper. 
Some live in caves and are blind. 

Collembola: springtails, snow fleas. 
Most species have a curved, taillike append- 
age that they use as a spring to propel 
themselves into the air. Some live in ant or 
termite nests and are blind. Most are dull- 
colored; but there are several brightly col- 
ored species. 

Diplura: japygids, campodeids. These 
insects are closely related to the Thysa- 
nura. Diplurans live in soil and leaf litter, 
bark, and under stones and logs. They are 
less than six millimeters in length and they 


lack compound eyes. 
EXOPTERYGOTA 


The winged insects that have incom- 
plete metamorphosis are classified in 14 
orders. : 

Orthoptera: grasshoppers, crickets, 
katydids, cockroaches, walking sticks, leaf 
insects, mantids. The group includes many 
insect pests, such as the migratory grass- 
hoppers that are often called locusts, and 
the cockroaches, as well as some very use- 
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ful species such as the praying mantis 
which feeds on garden and plant pests. 

Orthopterans are able to leap by means 
of well-developed hind legs. Two wings are 
usually present, but one or both pairs are 
absent in many species. Many are good 
fliers. The rear wings of the flying species 
can be folded in pleats under the forewings, 
which are usually known as tegmina. Teg- 
mina vary in shapes and sizes. The antennae 
are either long and slender, or short and 
comparatively thick. Most species of the 
Orthoptera are voracious feeders. 

Some of the unusual members of the 
Orthoptera are the phasmids, or walking 
sticks. The bodies of the walking sticks are 
modified to look like sticks or twigs. They 
are the longest of the insects, attaining a 
length of more than 30 centimeters in Aus- 
tralia and New Zealand. 

Other unusual orthopterans are the 
leaf insects of the family Phyllidae. The 
wings of the leaf insects closely resemble 
leaves in shape and color and even in vein- 


The walking sticks have a great camouflage: they 
resemble twigs. 


1 Six 


ing. Their legs are modified t 
fragments. They are found i 
ca and Indonesi 


0k like leaf 
ypical Afri- 


The most familiar of ti thopterans 
are grasshoppers. The 18 T SO grass- 
hopper species are wit listributed 
around the world. They up to the 
snow fringes of mount ind have 
reached many isolated islands, 
These insects are generally averaging 


about five centimeters in le 
The head is rather |: ıd solidly 
built. The forewings are ly strong. 


There are two rather larg: ind eyes, 
three ocelli, two short ie, and a 
powerful set of jaws. The £ ings cover 
the more delicate rear wi en the in- 
sect is at rest. The front ar dle pair of 
legs are short and are used Iking. The 


rear legs, which serve for , are large 
and strongly muscled. 
Along the inner surf 
hind leg of many grasshoy 
ted, sharp ridge. This m 


ach upper 
an eleva- 
smooth or 


notched. There is also a ra in oneach 
tegmen, or forewing. Wher isshopper 
scrapes his legs against hi na, he pro- 
duces the familiar raspin we asso- 


ciate with grasshoppers 


Most grasshopper spí main com- 


paratively unimportant 1S econo- 
my. They furnish food for | nd smaller 
mammals, and are used for it. Only a 
few species are damaging The cu- 


rings about 
usts” that 
rliest times 
nonmigra- 
1e place for 
eveloped an 


rious life cycle of these insec 
the terrible “plagues of t! 
have tormented man from t! 
to the present day. In gener: 
tory type will live quietly in 
many generations until it ha 
enormous population. Sudd there ap- 
pears a migratory generatior te different 
in color or size from its immediate ances- 
tors. The great majority will fly off for more 
abundant pastures, eating all leafy vegeta- 
tion along the way. The few remaining 1 
the old location will breed a new genera- 
tion that will have the old color and size 
The process of building up a migratory form 
will then begin again. 5 
One of the most destructive spec! 
the desert locust. Schistocerca gregaria- 


es iS 


large spec ibout five centimeters long, it 


ranges fi orthern Africa and southern 
Europe € ito Asia as far as India. It 
breeds ir dy areas with sparse vegeta- 
tion. The igratory form is yellow; the 
migrator pinkish. Schistocerca gre- 
garia m ate over 1,000 kilometers. 

Der a: earwigs. Earwigs are 
small to n-sized, brown or black in- 
sects. A earwigs have two pairs of 
wings. ive a short elytra, and long 
antenna¢ distinguishing feature is the 
pair of p <e forceps that adult insects 
carry at f the abdomen. Earwigs are 
omnivor i sometimes damage plants. 


Ples stone flies, salmon flies. 


These £ sed insects one to five centi- 
meters | th soft, flattish bodies. They 
are usu brownish, greenish, or yel- 
lowish, ng slender antennae, and 
shorter cerci. Stone flies are found 
in rock ms and deposit eggs in the 
water. T ae live at the bottom of the 
streams eat other larvae and are 
themse od for fish. 

Em 1: web-spinners. Small, 
slender with large heads and thread- 
like ant web-spinners collect in large 
groups small stones, debris, and the 
tangled f grasses. During the spring 
rains, tl d shining white webbed tun- 
nels and igs over the ground between 
their va etreats. Males have two pairs 


of slend« gs; females are wingless. 
Psc a: psocids, book lice, bark 


lice. Ver all, fragile insects less than 
five millimeters long, psocopterans live in 
straw, debris, fungi, and cereal products. 
They eat the paste in wallpaper, the glue in 


books, and the insects in museum collec- 
tions. Many are wingless, some sightless. 
Mallophaga: chewing lice. These are 
small, flattish, wingless insects, with short 
legs. They live on the hair, feathers, and 
dried skin fragments of birds and mam- 
mals, excluding humans. Most of them 
move readily along the body of the host by 
means of claws. Others cling to feathers or 
hairs with their jaws. They are very irritat- 
Ing to their hosts. 
_ Anoplura: true lice, sucking lice. These 
minute, wingless insects, are slender, oval, 


J, Six 


Grasshoppers, like all orthopterans, show incom- 
plete metamorphosis. This one has just shed 
its skin. 


or crablike. Their mouth parts are modified 
to pierce the skin of the host and suck the 
blood. Their legs are fitted with claws for 
clinging to hairs. True lice are found wher- 
ever there are mammals. Those infesting 
man often carry and transmit such diseases 
as typhus and relapsing fever. 

Zoraptera: Zoraptera are very small — 
less than three millimeters in length. Wings 
may be present. Some forms are blind, but 
other have compound eyes and ocelli. They 
are found under rotting logs. 

Isoptera: termites, or white ants. Ter- 
mites are small, soft-bodied, pale-colored 
insects. They live in colonies in wood and 
soil. Their complicated caste system in- 
cludes winged, wingless, and short-winged 
forms. Termites normally live in the soil or 
in dead trees and stumps. They also build 
their colonies in wooden foundations, 
buildings, and fences. Termites are dis- 
cussed in the article “Ants, Bees, Wasps, 
and Termites” in The New Book of Pop- 


ular Science. 
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Ephemeroptera: May flies. May flies 
are small- to medium-sized, slender, soft- 
bodied insects. They usually have two pairs 
of wings, the hind pair being much smaller 
than the front pair, The larvae live in the 
water, emerging when they are ready to be- 
come adults. The adults never eat; they 
have weakly developed or no mouth parts. 
Some live only a few hours. 

Odonata: damsel flies, dragonflies. 
These are medium to large, slender insects, 
with two pairs of long, narrow, shining 
wings. They have large, mobile heads and 
very large, compound eyes. Fossil forms 
were very large. 

The dragonflies are often very large. 
They are able to catch most other insects 
on the wing. Damsel flies are smaller, more 
fragile, and slower in flight. Dragonflies and 
damsel flies feed on mosquitoes, midges, 


A beneficial insect—the praying mantis. Mantids 
eat insect pests. 
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and other small insects. T} 
their immature life of one 
der water. They breathe | 
are located at the bottom « 

Thysanoptera: thrips. 
insects with sucking mout 
found on vegetation, par 


donata spend 
ve years un- 
gills, which 
e abdomen, 
ute, slender 
ts, thrips are 
rly flowers, 


throughout the temperati subtropical 
world. Many thrips trans: irus and fun- 
gus diseases to plants. ° may be as 
many as nine generations > year. 
Hemiptera: true bugs uding stink- 
bugs, bedbugs, lace bu hinch bugs, 


water striders, water ions, back 
swimmers, water boatmer 

As you look at almost 
insect from above, you wi 
triangles formed by body 
bugs have two pairs of w 
the fore wings is hard an 
the outer part is membra 
tera range in size from 
20 centimeters. The head 


yemipterous 
a pattern of 

Most true 
The base of 
thery, while 
The Hemip- 
te to about 
move freely 


and often has a_neckilil yrtion. The 
compound eyes are unus large. The 
antennae are generally n the land 


bugs and very short in t quatic fami- 
lies. The thorax may h arious odd 
adornments. 

The mouth parts are t 
beaklike, and fitted for pi 
ing. All true bugs hay 
parts—long and straight 
curved. Most bugs are pla 
of them prey on insects an 

The stinkbugs are pro 
known of all the true-bug 
shape is distinctive. Their colors vary from 
dull to brilliant. Most stinkbugs are shaped 
like a shield or an arrowhead. Prominent 
eyes bulge out at the base of a rather long 
head. The antennae are well developed and 
so are the wings, although you will seldom 
see a stinkbug flying. In length the insects 
range from 0.5 centimeter to 3 centimeters: 

The stinkbugs, or pentatomids, num- 
bering 5,000 known species, are one of the 
largest families in the order of the Hemip- 
tera. There are representatives in almost 
every part of the world. 

Chinch bugs and milkweed bugs be 
long to the family Lygaeidae. The scientific 


illy tubular, 
g and suck- 
sh beaklike 
short and 
eders. Some 
ver animals. 
rly the best- 
milies. Their 


C. Nuridsony 
Amale cri depositing his spermatophore, or 
sac of sp: ıt will be picked up by a female. 
name | dae refers to the dull, dark 
color of y of the species. (The Greek 
word /) means “shadowy.”) How- 
ever, s¢ f the most beautiful bugs in 
Europe North America—the milkweed 
bugs—a embers of this family. The 
Spotted veed bug, Oncopeltus fascia- 
tus, is ¢ ler insect about 1/2 centime- 
ters lon s orange or bright red in color, 
with a | thorax and bands across the 
wings. J ogs and the nymphs are bright 
red. Th ect feeds on milkweed and hi- 
bernate trees and buildings. 


Mc storious of the lygaeids is the 


chinch | Blissus leucopterus. Less than 
one centimeter in length, it is dark in color, 
with reddish or yellowish legs and anten- 
nae, Some members of the species have 
very short, brown wings, barely covering 


the abdomen and useless for flying. Others 
in the > brood have normally long, 
white wings and are able to fly for great dis- 
tances, Chinch bugs are most injurious in 
the farm belts of the United States and 
Canada, Here they gather in huge numbers 
and suck dry the young plants of corn and 
other grains. They also feed on hay. 

The bedbug family, Cimicidae, has 
only a few species, all of them small, flat 
and reddish-brown, with short legs, a small 
tough beak, and no wings. They suck the 
blood of birds, bats, and humans. Of the 
two species that attack man, only one, 
Cimex lectularius, is found in North Ameri- 
ca. It came to the continent from Asia by 
Way of Europe. The other species is re- 
Stricted to the tropics of the Old World. 


_ Certain cimicids attack pigeons, wild 
birds, and chickens. The poultry bug, 
Haematosiphon inodorus, a serious pest in 
Mexico and the southwestern United 
States, has recently begun to invade hous- 
es. Unlike most cimicids, it has no odor and 
itis not nocturnal, 

The assassin bugs, genus Apiomerus, 
are rather stout and about 1/2 centimeters 
in length, They are black or brown with red 
or yellow decorations. Legs, head, and 
thorax are often covered with coarse hairs. 
These bugs feed on caterpillars, plant lice, 
and anything they can capture. One spe- 
cies, the bee assassin, is a pest around bee- 
hives, It also devours beetles and flies, 

Many species of Hemiptera are semi- 
aquatic or aquatic, The semiaquatic species 
include the water striders and marsh tread- 
ers. The aquatic species include the water 
boatman and the backswimmer, 

Homoptera: cicadas, tree hoppers, 
spittle bugs, leafhoppers, psyllids, white 
flies, aphids (plant lice), scale insects, 
mealy bugs, lac insects, cochineal insects 
It is very difficult to characterize these in- 
sects, They vary widely in shape. 

The Homoptera are an important 
group of insects, Aphids, for example, are 
serious pests of cultivated plants, White- 
flies and psyllids also damage plants. Psyl- 
lids cause plant galls, Whiteflies leave 
blackish scales. 

Scale insects are also serious pests of 
cultivated plants. However, a few species 
in the scale insect family—lac and cochi- 
neal insects —are useful economically 


ENDOPTERYGOTA 


All the rest of the insect orders have 
complete metamorphosis, passing through 
four stages: eggs, larvae, pupac, and adults 

Megaloptera: dobson flies, hump- 
backed flies. Adults are medium to large, 
with biting mouth parts, slender antennae, 
and two pairs of wings, held rooflike or flat 
over the body, The larvae are aquatic 

Neuroptera: nerve-winged insects, 
lacewings, false mantids. These insects are 
minute to medium-sized, fragile insects 
with biting mouth parts, large compound 
eyes, long, slender legs, and two pairs of 
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Termites. These isopterans are well known for their 
wood-eating habits. 


large, many-veined wings. In one family 
(Mantispidae) the adults resemble praying 
mantids. The larvae of one family are called 
antlions because they prey on ants. Neu- 
roptera larvae spin silk cocoons in secluded 
places, and there they pupate. 

Mecoptera: scorpion flies. Adults are 
small to medium-sized, extremely slender 
insects, with long heads and biting mouth 
parts. Some have two pairs of long, narrow 
wings; others have none. Scorpion-fly lar- 
vae are wormlike. Both larvae and adults 
are carnivorous. 

Trichoptera: caddis flies, water moths. 
These are small or medium-sized insects, 
with long, slender antennae, large com- 
pound eyes, husky legs, and two pairs of 
wings lightly covered with hairs and scales. 
The larvae are aquatic, living in movable 
cases, which they construct out of bits of 
wood or pebbles, held together by silk. The 
adults live near water, 

Lepidoptera: moths, butterflies, skip- 
pers. 

Coleoptera: beetles, weevils. 

_ Hymenoptera: ants, bees, wasps, gall- 
flies, chalcid flies, sawflies, braconids, ich- 
neumons. 

Members of the orders Lepidoptera, 
Coleoptera, and Hymenoptera are dis- 
cussed in the articles “Butterflies and 
Moths,” “Beetles,” and “Ants, Bees, 


Wasps, and Termites” in The New Book of 


Popular Science. 

Diptera: flies, gnats, midges, mosqui- 
toes, and others. These are minute to me- 
dium-sized insects, with sucking, piercing, 
lapping, or functionless mouth parts. The 
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A green darner. The largest of igonflies be- 
long to the darner family of the ita 

hind wings are represen a pair of 
small stumps, called ha There are 
some wingless species. T vae of cer- 
tain species live in decayir nal or vege- 
table matter and are cal! iggots. The 
larvae of mosquitoes and < e gnats and 
midges are aquatic. Some \ ess and eye- 


less fly species live in th of ants or 


termites or in bee hives. 


Midges, or chironon we to be 
found almost everywhere specially in 
the moist parts of the eart! round bod- 
ies of water. They range ir from extre- 
mely small creatures to i as large as 
big mosquitoes. Certain ti dges, inclu- 
ding the sand flies and pun are vicious 
biters. Most midges, howeve’. cannot bite. 
They annoy people becar hey swarm 
around them. The larvae ly dwell in 
the water. Some of them bright red 
and are therefore known : loodworms. 
Both larvae and adults are important items 
of food for freshwater fishes and many 
birds. 

Mosquitoes, or culicids. are the most 


dangerous insect enemies of man. They are 
found in almost all parts of the world, from 
arctic regions, such as Alaska and Green 
land, to the tropical swamps of Africa and 
South America. 

The eggs are laid on or near the water 
of ponds, pools or marshes. They are some- 
times deposited in the water that has col- 
lected in empty tin cans or discarded auto- 
mobile tires. After a short time the eg85 
hatch into the aquatic larvae called wi! 
glers. These feed upon minute animals 0f 
plants or floating particles in the water 


4.30 


\ug. These hemipterans live in ponds. 
t a nasty bite. 


A giant wat: 
They can ini 


They frequently come to the surface to 
breathe. The pupae are also active wigglers. 
Adult males have featherlike antennae, 
while the antennae of the females are slen- 
der and hairy. Only the female bites. 

All over the world mosquitoes annoy 
man by sucking his blood. It is within the 
tropical and semitropical areas, however, 
that they cause the greatest amount of 
human misery. They carry several major 
diseases that are deadly to man. Malaria is 
transmitted by certain species of Anoph- 
eles. Yellow fever is transmitted primari- 
ly by Aédes aegypti, but also by other spe- 
cies of Aédes and some species of Haema- 
gogus. Dengue is also carried by Aédes 
aegypti and some of its close relatives. Fil- 
ariasis is transmitted by various species of 
Culux and Aédes. 


r Horseflies and their kin—the taba- 
nids—are large, stout-bodied flies, which 
bite various mammals, including man. Only 
the females suck blood. They sometimes 
transmit various diseases, especially tulare- 
mia and anthrax. The larvae are found 
mostly in swamps, ponds, and damp places, 
where they feed upon tiny animals, espe- 
cially the larvae of other insects. 

The larvae of fruit flies, or trypetids, 
are destructive to fruits and vegetables. 
Among the members of the trypetid group 
are the apple maggot (Rhagoletis pomonel- 
la), the Mediterranean fruit fly (Ceratitis 
capitata), the Mexican fruit fly (Anas- 
trepha ludens), the Cherry fruit fly (Rha- 
goletis cingulata), the olive fly (Dacus 
oleae), and the walnut husk fly (Rhagoletis 
completa). The adults are beautiful little 
creatures, smaller than houseflies. They 
have banding or spotting on the wings. Be- 
cause of the way many of the fruit flies 
alternately raise and lower their brightly 
colored wings as they move slowly about 
on vegetation, they are often called pea- 
cock flies. 

Vinegar flies, or drosophilids, are tiny 
creatures, almost always less than one-third 
of a centimeter in length and yellowish to 
black in color. The adults are attracted to 
rotting fruits and vegetables as well as to 
fermenting substances. The eggs are laid in 
these materials. The life cycle is always 
short, usually two to three weeks in length. 
More than six hundred different species 
have been described. Of these Drosophila 
melanogaster is the most famous, because 
it has been used extensively as an experi- 
mental animal in research on the laws of 
inheritance and evolution. 

The housefly (Musca domestica) is 
one of the ever-present uninvited guests 
that live in or near the abodes of man. It 
does not bite, but its habit of alighting upon 
the exposed parts of our bodies is most 
annoying. Houseflies breed upon manure, 
garbage, and other kinds of decaying matter 
and feed not only upon such materials but 
also upon our food. Hence they are effi- 
cient transmitters of such diseases as 
typhoid fever, dysentery, cholera, and 


anthrax. 
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ANTS, BEES, WASPS. 
AND TERMITES 


There is no counterpart among- other 
animals to the military, food-gathering, 
cattle-keeping, and slave-making activi- 
ties of the ants, or to the perfectly ordered 
system of the beehive. Ants and some bees 
and wasps form elaborate social organiza- 
tions and hence are known, appropriately 
enough, as social insects. Their coopera- 
tive enterprises are rivaled only by those 
of people. 

The social insects belong to the order 
Hymenoptera, which is perhaps the most 
highly developed group of insects. The or- 
der also includes gallflies, sawflies, horn- 
tails, and ichneumons (parasitic wasps that 
lay their eggs within the bodies of other in- 
sects’ larvae). These are solitary insects; 
they do not live in communities. More than 
100,000 species are known, and probably 
as many more still remain to be named. 

These insects have mouth parts spe- 
cialized for biting, chewing, scraping, lap- 
ping, or sucking. Most members of the Hy- 
menoptera have two pairs of stiff and quite 
narrow wings. Most ants, however, are 
wingless. 


ANTS 


The keynote of the social organization 

of ants is specialization. In the case of soli- 
tary insects, each one must perform all the 
tasks necessary for its survival—collect- 
ing food, seeking shelter, fighting off ene- 
mies. Ants live in large nests, or ant cities, 
and divide their labor. Each has its own 
duties; the rule of one for all and all for one 
is successfully applied. 
_ The members of the nest are divided 
into three distinct classes, or castes, on the 
basis of the work they do. There are various 
subdivisions —some 25 in all—among these 
three classes. 


THREE CLASSES 
The largest class comprises the wing- 
less, normally infertile, females, which 


function as workers or soldiers. These in- 
sects are usually the smallest members of 
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the community. They er maintain, 
and defend the nest, gathe l, and feed 
and nurse the queen and y Occasion- 
ally a worker, if carefully fi ] attended, 
may lay fertile eggs. The s« are work- 
ers with large heads and s aws. They 
are employed in fighting 1 crushing 
hard foods, such as seeds. 

The second class is ¢ »sed of the 
queen ants, which are lai inged indi- 
viduals. They are the main f the nest, 
producing eggs almost co ly, except 
during the cold season. 

The winged males arc third. class, 
with small heads and small Some spe- 
cies have both winged and ess queens 
or males. 

FORMING A COLONY 

Ants live almost ever e—in des- 
erts and fields, in forests nountains, 
along the seashore, and in llages and 
dwellings of people. Their h vary from 
galleries and chambers ex ed in the 
soil to nests built in holloy nps. Some 
nests, constructed of pay material, 
are suspended from trees. 

An ant colony may be fo. ed either by 
a solitary queen or by severs: queens to- 
gether. Before the nuptial, or ating, flight, 
each queen has stored immense energy rê- 
serves within her body. On appointed 
day, which varies with the different ant spe 
cies, the winged males and the queens 
swarm together. Mating occurs during of 


at the end of the flight. It is the queen’s only 
flight. When she alights, she will be ready 
to begin her egg-laying duties. 

After the nuptial flight is over, the 
males seek shelter under stones, sticks, OF 
fallen leaves. They make no effort to return 
to the nest. Even if they survive the On 
slaught of their natural enemies, they diè 
in a matter of days. 

When the queen alights after the nup- 
tial flight, she may be surrounded by worker 
ants of her own species. These workers 
escort her to their home nest and she bê- 


comes a me:nber of a full-fledged colony. 


Often, “owever, the young queen must 
found her n colony. First she casts off 
her wings | seeks an appropriate shel- 
ter—the ur crside of a stone or a stick or 
simply a in the ground. She digs until 
she has h ved out a burrow with a cham- 
ber at on | of it. The insect then blocks 
the entrar ) the burrow and for a consid- 
erable pe rests quietly, shut off from 
the outer d. The wing muscles are grad- 
ually bre {own and converted into fat 
bodies, fi rgy. 

Fin xe queen begins to lay eggs, 
and in a yaratively short time the first 
larvae hi The queen is a devoted moth- 
er to the generation of her off-spring. 
She fore liva, containing fat bodies, into 
the mou the young larvae and they 
grow rapi Should her food supply fail, 
the queer y even eat some eggs and lar- 
vae SO as vaintain herself and the nest. 
If matin ired in late summer, cold 
weather s while the brood is quite 
young. | ieen and her larvae then hi- 
bernate u pring. 

Whi! larvae of certain species are 
quite smali. they spin cocoons and, envel- 
Oped int wrappings, become pupae. 

As pupa becomes mature, it is 
freed fro e cocoon by the mother. It 
is now a ll but perfectly formed worker. 
In some groups, the larva does not spin 
acocoon and the pupa is naked. 

The workers of the first generation dig 


their way to the surface of the ground and 
go in search of food. They bring it to the 
queen, which is in a rather sad state be- 
Cause she has fed her brood with her own 
bodily substance. She soon recovers her 
strength and continues her egg-laying activ- 
ities. Gradually the workers take over the 
task of caring for the young. Eventually the 
queen becomes a sort of egg-laying ma- 
chine. Workers feed her by cramming food 


Right top: an ant colony. The queen, distinguish- 
able by her swollen abdomen, lays eggs. Some 
Soon hatch into light-colored larvae. Workers feed 
the queen and care for the young- Middle: workers 
lick the queen and absorb a substance that makes 
them sterile. Bottom: harvester ant dragging a 
Plant part larger than itself. 
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Weaver ants use silk produced by their larvae to 
sew together leaves to form a nest. These ants 
occur in southern Asia and on some Pacific islands. 


regurgitated from their stomachs into her 
mouth. 

As times goes on, the workers become 
more numerous and larger. Soldiers first 
make their appearance some time after the 
queen has established her colony. New 
queens appear upon the scene last of all. 
It is the workers that carry on the essential 
work of the colony. They may move it to 
a more suitable site again and again. They 
carry their egg-laying queen, immature 
workers, larvae, and pupae to the new loca- 
tion. Although most workers are sterile, an 
occasional worker may lay eggs, which will 
give rise to male or worker offspring. 


BEHAVIOR 


Much of a young worker ant’s behavior 
results from imitating its elders. The nov- 
ice must learn the lay of the land around 
its nest so that it may return to the nest after 
a foraging expedition. Perhaps it will lose 
its way and have to be carried home by the 
more experienced workers. Certain indi- 
viduals of a colony seem to learn better 
than others. These key workers initiate the 
various activities in the colony and thus set 
an example to the other ants. If these choice 
workers are removed from the nest, the ac- 
tivity of the colony is retarded. The colony 
fails to prosper; the health of the queen and 
of other workers is bound to suffer. 

Modern biologists believe that the 
seemingly intelligent activities of ants are 
due in part to inherited instinctual patterns. 
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A soldier ant. Soldier ants ha rged jaws, 
They protect the nest and help food—par- 
ticularly hard foods such as seed \e colony. 
Ants also respond to stim leased by 
other ants. The stimuli in qu are often 
due to glandular secretions } n as pher- 
omones. These are found r y in ants 
but also in various other so isects, in- 
cluding honeybees and termi! 

Ants have organs of sr | the form 
of tiny sensory pits in the nae. It is 
with these organs that ants sense the 
secretions that have been er by other 
ants. In this way, they can recognize mem- 
bers of their own colony letect the 
presence of ants belonging to hostile col- 
onies. In some cases, secret are laid 
down as scent trails for other ants to fol- 
low, as when a food supply has been dis- 
covered by a foraging worker 

Through the release of secretions of 
different kinds and quantities, ants can 


bring about alarm reactions, fighting activ- 
ities, reproduction activities, and nest con- 
struction. Certain poisonous secretions 
serve to repel invaders or to subdue prey. 
Chemicals secreted by queen ants prevent 
ordinary workers —infertile females — from 
developing into reproductive females oF 
rival queens, except in emergencies or at 
various stages of colony development. 

It is generally thought that certain spe 
cies of ants can hear, because they can 
make certain sounds that may be a mode of 
communication with their kind. The ant 
Myrmica rubra produces sounds with a 
strigil, or file, on its seventh abdominal seg- 
ment. Other ants (genus Polyrhachis) tap 


on the surface of a leaf with their heads and 
still others scrape the end of the abdomen 
on the dry ‘eaves of the nest. 

Much of the apparently friendly be- 
havior of ants and other social insects stems 
from the r ial exchange of pleasing food 
secretions. | he larvae of ants, for example, 
exude substances that are greatly appreci- 
ated by the workers who feed the young 
and receive these as a reward, The adults 
of social insects also engage in this prac- 
tice among themselves. The material may 


gurgitated food or glandular 
secretions. The habit is called trophallaxis, 
aname derived from Greek words meaning 
“food exchange”. Furthermore, foreign in- 
sects that | in ant and termite nests are 
tolerated because of their “payment” of 
food matter desired by their hosts. Certain 
ants “herd” other insects for the secretions 


consist oÍ 


deposits a secretion called honeydew on the 
foliage and stems of vegetation, The ants 
milk the aphids by gently stroking them 
with their antennae, thus coaxing the aphids 
to give droplets of honeydew. 

The ants carry their insect livestock to 
different parts of the plant or to different 
plants in the garden to make sure that they 
have enough to eat. Some ants dig tunnels 
in the soil for the convenience of root- 
sucking plant lice. Certain ants even take 
the plant lice into their own nests for the 
winter. 

Aphids are not the only animals that 
find hospitality in the nests of ants. A great 
number of beetles, cockroaches, flies, and 
arachnids take up their abode there. They 
are allowed by their willing or unwilling 
hosts to feed on the excretions of the ants 
or on their food. 


the latter provide. Parasitism plays an extremely impor- 
One of the most amazing practices of tant part in the life of ants. Different species 

some ant species is the keeping and milking or groups may live off others temporarily 

of “cows.” The “cow” in question is really or even permanently. For example, var- 

an insect, aphid, or plant louse, which ious colonies of the genus Formica, in the 

Some ants b very large mound nests, such as one below. Itis constructed of 

soil and plar tter carried to the site by worker ants. The mound itself typical- 

ly has food storage galleries as well as egg-laying sites. 


S.G. Bisserot, Bruce Coleman Lid, 
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temperate zone, may establish themselves 
in the nests of other Formica communities. 
A single queen induces the workers of a 
foreign colony (of a similar species) to care 
for her and for the offspring from the eggs 
she lays in their nest. The original queen of 
the colony may remain, be killed, or be 
driven off, even by her own workers. As 
the invading queen’s larvae mature, they 
eventually replace all the original workers, 
who naturally have been dying off. At this 
point, there is little evidence that the thriv- 
ing colony had begun by parasitism. 

Ant slavery, or dulosis (from the Greek 
word for “slave”), is carried out by militant 
colonies raiding and capturing members of 
other colonies, often of a different ant spe- 
cies. Workers of Formica Sanguinea carry 
off the larvae and pupae of the horse ant. 
These are tended by ants that have been 
reared from previously captured young. As 
the new captives mature, they care for the 
larvae, forage for food, and so on in the 
slaveholding community. However, For- 
mica sanguinea workers carry on the main 
duties of the colony. 


SOMETIMES PESTS 


When ants make their way into our 
homes, they become unmitigated pests, 
working havoc with our food. The Phar- 
aoh’s ant, Monomorium Pharaonis, is a no- 
torious culprit, nesting in the foundations 
and often completely overrunning a house 
from the cellar to the attic. These tiny yel- 
lowish or reddish ants quickly sense the 
presence of food and rush to consume it. 

Carpenter ants, members of the genus 
Camponotus, enter homes to live in ceiling 
beams, porch columns, and window sills. 
Here they may do considerable damage by 
excavating galleries and chambers. Car- 
penter ants do not eat wood but feed on 
plant juices, animal remains, and the honey- 
dew of aphids. 


SOME INTERESTING ANTS 


i Among the ants there are many inter- 
esting varieties, including gardeners, living 
receptacles, and slaveholders. 

Parasol ants. Members of the genus 
Atta cultivate various species of club fungi, 
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which they use as food. The 
garden bed made of cut secti 
A large ant expedition set 
this material, generally in 
noon. The insects climb ı 
and cut off more or less cir 
leaves. As the ants return 
with their booty, each one c 
of leaf overhead like a paras: 
son the insects are someti: 
asol ants. 

When the leaf sectio 
brought to the nest they 
chewed and then deposited 
a large chamber. As the lea! 
up on the floor, they acqui 
structure. Soon they are cx 
desired fungus growths. 

The body of the fungus 
celium, consists of a great 
branched threads known as 
spherical swellings develop « 
and these swellings provid 
ants. The smaller workers 
rarely leave the nest, but s 
their time “weeding” the fur 
that is, removing unwanted gr 

Black honey ants. Black 
have a curious but effective v 


Honeybees and some other species 

Social organization very similar to t} 
low: a queen bee lays eggs in cells of 
Surrounded by workers who will nou! 


providea 


s of leaves, 
t to obtain 


late after- 
irby trees 
pieces of 
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its piece 
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Among sox 
ers (left), a rr 


un workers, known as re- 

themselves until their ab- 
greatly distended. They then 
nated honey jars, ready to 
sds of the other ants. When 

scarce, the members of the 
the abdomens of the repletes 
\e droplets of honey that are 


are also used to store honey 
ecies of the genus Myrmeco- 
in the southwestern United 
| America, and South Amer- 
ibdomens of the repletes have 
len, they cling to the roofs of 
hambers; they are relieved of 
joney as occasion requires. 
iriver, or army, ants. These are 
ints whose natural prey 
ects and other small inverte- 
h they will attack any living 
path. Generally, animals such 
including humans, and birds 
jid the driver ants. They fall 
little carnivores only if they 
\d cannot keep out of the way 


genera—Eciton and Dory- 

e up the driver ants are found 
irated areas. Eciton dwells in 
tropics; Dorylus in the Af- 
Though these ants are com- 
they advance in long columns 
ible precision; their foragers 
all sides of the main columns. 
n temporary bivouacs, consist- 


| bees, each hive contains undeveloped fi 
ature queen bee (middle), and several mal 


ing of clusters of insects hanging from the 
branches of shrubs and bushes. 


BEES 


The bees make up the superfamily 
Apoidea, comprising some 20,000 species. 

The abdomen of a bee is joined to the 
thorax by a rather slender “waist.” Females 
have an organ called an ovipositor at the 
end of the abdomen. This serves as an egg- 
layer and also as a weapon; it can inflict a 
painful sting. In the case of honeybee work- 
ers, the ovipositor, or sting, has little barbs 
that turn inward. If the worker stings a foe, 
the sting is generally left in the body of the 
victim and the bee dies. The ovipositor of 
the honeybee queen is smooth. This bee 
can sting its enemies repeatedly without 
harm to itself. 

Bees store pollen and honey in their 
nests to provide food for their young. Pol- 
len is collected by the hairs on a bee’s legs 
and body and also by specialized struc- 
tures called pollen brushes, which are found 
on the hindlegs and sometimes on the ab- 
domens of female bees. 

After pollen is collected, it is brushed 
off by the insect’s head and feet, dampened 
with dew or some other form of moisture, 
mixed with honey from the bee’s mouth, 
and formed into tiny pellets. The pellets 
are then pushed into the so-called pollen 
baskets. These baskets, consisting of long 
and stiff hairs on the hindlegs, hold a con- 
siderable number of pollen pellets. 

Honey is a product of nectar, a sweet 


jemales who serve as work- 
les, or drones (right). 
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Jocques Six 


Some of the cells of a bee hive are used for food 
storage. Here a honeybee fills a cell with honey, 
formed from nectar the bee has collected. 


liquid secreted by the glands found in cer- 
tain flower petals. The bee sips nectar and 
swallows it. The substance is transformed 
into honey in the insect’s crop, or honey 
Sac, and is later disgorged. Honey is made 
up chiefly of the sugars levulose and dex- 
trose and of water. It also contains dex- 
trins, gums, vitamins, enzymes, pollen 
grains, and various minerals. 

Bees also collect a sticky substance 
called propolis, derived from the resinous 
secretions of various trees. Propolis is used 
as a cement in the building of nests. 


SOLITARY BEES 


Contrary to popular belief, most spe- 
cies do not form communities but are sol- 
itary in habit. The female of the solitary bee 
builds her nest cell by cell. She stocks each 
cell with pollen mixed with nectar and then 
lays an egg on this food supply. She seals 
each nest before she goes on to the next 
one. After the entire nest has been com- 
pleted, she closes it up and flies away, 
never to return. The larvae that are hatched 
from the eggs go through a series of molts, 
become pupae, and finally emerge from the 
nest as adult bees. 

There are some interesting varieties of 
solitary bees. The small carpenter bees 
(family Ceratinidae) and the large carpenter 
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bees (family Xylocopidae 
wood and make nests in the 
rows. The mason bee of the 


doma constructs its nest of soil and tiny 
pebbles, mixed with sali Leaf-cutter 
bees (family Megachilidae) n their nests 


of pieces of leaves and peta t from roses 


and other plants. 


Certain bees lay their in the nests 
of other bees; their young »me unwel- 
come lodgers. These para bees are 


known as inquilines, from Latin word 


inquilinus, meaning “lodge or example, 
the parasitic bee Stelis lay >ggs in the 
cells of Osmia. Larvae of | species are 
hatched. Ultimately the 5 larvae de- 
vour those of Osmia and take over the nest. 
HONEYBEE COLONIES 

The social bees—bees 1): form com- 
munities—have developed «\‘nct castes, 
which correspond more o to those 
found among ants. In each e there is a 
mature queen bee, a num of males, 
known as drones, and a gres: many work- 
ers, or undeveloped females A 

Perhaps the best-known of the social 
bees is the honeybee, Apis :nellifica. It 
builds an elaborate hive with wax secreted 
from eight wax pockets on the underside 


of the abdomen. The honeycombs in this 
hive are set vertically, side by side. Each 
comb consists of thousands of hexagonal 
cells. Some of the cells contain eggs, lar- 
vae, or pupae. Others are used for the stor- 
age of honey and pollen. : 

At the beginning of the spring, the 
honeybee hive contains a queen and a com- 
paratively small number of workers. The 
queen begins to lay eggs. Some of these 
will develop into workers, others into 
drones, and a few into queens. The latter 
are reared in special enlarged cells called 
royal cells. After about three days, the eggs 
hatch. The larvae, or grubs, are all fed for 
the first two or three days with royal jelly, 
a secretion from certain glands of the work- 
ers. After this period is over, the prospec- 
tive workers and drones are gorged with 
honey and pollen. The larvae that are to be 
reared as queens, or rather princesses, COn- 
tinue to be fed with royal jelly. 


The lorvae grow rapidly. After about 
six days, th= cell is sealed by the attendant 
workers, end the larva becomes a pupa. 
The larvac that are to become workers or 
drones spi“ 2 complete cocoon about them- 
selves be! e entering the pupal stage. The 
cocoons 1 by the larvae that are to de- 
velop in ueens enclose only the head, 
thorax, a small part of the abdomen. 

Afte days or so, the workers cast 
off the pt skin and chew their way out of 
the cell kes the drones about two days 
longer tc s through the pupal stage. Prin- 
cesses develop from pupae to adults in 
about se days. They do not emerge from 
their cells attendant bees make a small hole 
in each | cell and continue to feed the 
occupa 

In time the honeybee colony becomes 
overpopu`sted and a form of emigration, 
called wming, takes place. The old 
queen, accompanied by many of the work- 
ers, leaves ‘he hive and seeks a new nest. 
This ma the hollow of a tree or a man- 
made hiy 

One of the young princesses now 
emerges from her cell in the old hive. She 
makes her way to all the other royal cells 
and slays ‘heir occupants. If two or more 
princesses emerge at the same time, they 
fight until only one remains alive. The 


newly established queen then flies from the 
ss with a drone, returns to the 
. and begins to lay eggs. The 
drone dies immediately after mating. 

The rest of the drones are tolerated in 
the hive for a time, though they perform no 
communal tasks. If the food supply dwin- 


nest, ma 
nest ag: 


Below: a worker bee performs a circular dance to 
tell other members of its hive that a food source 
is nearby. Right: a bee telling other bees that the 


food source is some distance away—! 


in the direc- 


tion of the straight part of the dance. The slower the 
bee dances, the farther away the food is. 


dles, however, they are driven out of the 
nest and are not permitted to re-enter. 
Since they are dependent on the food 
brought in by the workers, they are doomed 
to die once they are excluded from the nest. 

Workers have different tasks. Some of 
them collect pollen and nectar. Others care 
for the young. Still others attend the queen. 
A certain number fan the hive by means 
of rapid wing movements. This is a most 
important task; if the premises become too 
hot, the wax cells melt. 


DANCE COMMUNICATION 


As a result of research in the 1920s 
by the Austrian zoologist Karl von Frisch, 
we now know that a worker bee conveys in- 
formation about a promising food source to 
the other bees by means of a series of 
dances. When the food supply is near at 
hand, the returning bee performs a round 
dance on one of the vertical combs of the 


274 


hive. It circles to the right and then to the 
left, over and over again. 

If the supply of food is a hundred me- 
ters or more distant, the returning bee per- 
forms a tail-wagging dance. First it makes a 
short straight run up or down the comb, 
wagging its abdomen from side to side. It 
then circles to the left. Again it makes a 
straight run with a tail-wagging motion and 
this time circles to the right. The bee tells 
how far away the food is by the speed of the 
dance; the slower the dance, the farther 
away the food. It indicates the direction of 
the food by the direction of its straight run. 
If the dancer heads directly upward during 
the straight part of the dance, it means that 
the feeding place is in the same direction as 
the sun. If the insect heads directly down- 
ward in its straight run, it means that the 
workers must fly away from the sun to 
reach the food. Suppose the bee goes 45° 
to the right of vertical in the straight part of 
its run. This would indicate that the feeding 
place is located at 45° to the right of the sun. 


OTHER SOCIAL BEES 


Bumblebees. These insects, which 
comprise the family Bombidae, range in 
length from less than one centimeter to 
2¥2 centimeters or more. 

Bumblebee colonies, like those of 
wasps, must be started anew each year. 
Each colony is established in the spring 
by a young fertilized queen, who has 
Spent the winter under brush or debris or 
in a hole in a log. The queen seeks a site in 
or on the ground; this is often the vacated 
nest of a field mouse, chipmunk, or other 
small mammal. She may have to fight other 
bumblebee queens for the site. 

Once established in her new home, the 
queen prepares balls of honey and pollen on 
which she lays her eggs. With the coming 
of cold weather the old queen, her retinue 
of workers, and the drone hangers-on all 
perish. Only the young queens survive to 
continue the race. 

Stingless bees. The Meliponidae are a 
third important group of social bees; their 
ovipositors are atrophied. These bees are 
much smaller than honeybees; some spe- 
cies are only two millimeters long. 
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Bees also collect pollen to feec young. The 
pollen adheres to hairs on the | ody and is 
carried back to the hive. 

The Meliponidae build »s in hori- 
zontal sections. Some make r nests on 
the ground, others in the hc of trees. 
Still others establish themsely ©: in the nests 
of termites or ants. In cor ting their 
abodes the bees use earth leaf par- 
ticles, dung, and other subst s in addi- 
tion to the wax that they te. They 
store honey in fairly large rece» (acles. Hu- 
man beings occasionally use honey as 
food—a dangerous practice, this sub- 
stance is sometimes highly po US. 

WASPS 

Most species of wasps not form 
colonies but are solitary insects 

The social wasps all belong to the fam- 
ily Vespidae. The most familiar represen- 


tatives are the common wasps and hornets 
of the genus Vespa. The young Vespa 
queens mate in the autumn. They alone of 
all the members of wasp colonies survive 
the winter season, hibernating until the 
coming of spring. 

Roused by the first warm spring days, 
each young queen seeks a place for a nest— 
perhaps under an eave, in a hollow tree, OF 
on a bush. There she rapidly constructs 4 
series of cells of paperlike structure, formed 
from woody fibers and other vegetable mat- 
ter. She deposits an egg in each cell. 

When the larvae hatch, the queen feeds 
them with chewed caterpillars, flies, Or 
fruit juices. When the time comes for the 
larvae to assume the pupa form, they clos¢ 
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the end of the summer young 
| after that the males, appear. 
enerations have all been un- 


emales, or workers. Some of 


able of laying eggs that may 
males. The young queens and 
nales finally leave the nest, 
urn. The workers that remain 
larvae that are left in the nest. 
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Alexander B, Klots 


The social wasp whose life cycle we 
have just described eats great numbers of 
insects that are harmful to people. On the 
other hand, it is quite destructive of fruit 
and sometimes attacks human beings, par- 
ticularly when it is molested or fancies that 
it is molested. The hornet is a large wasp 
whose sting is particularly formidable to 
people. 

Not all wasps form their nests of 
paperlike material. Some of the solitary 
wasps make nests of sand, clay, or mud — 
quite efficient dwellings, though less im- 
posing than the beautiful structure fash- 
ioned by the social paper wasps. Some of 
the solitary wasps have a rather singular 


Alexander B. Klots 


The red-and-black velvet ants pro- 
duce a painful sting. They are ac- 
tually a type of wasp. 
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method of supplying their young with food. 
Since there are no workers among these 
wasps, the mother wasps have to provide 
food to which the larvae, upon hatching, 
may help themselves. This is brought about 
by the capture of various insects, particu- 
larly caterpillars, and spiders. A mother 
wasp stings the prey in a vital spot and 
paralyzes it. Then she drags it off to her 
nest. The victims remain alive, but motion- 
less and helpless, to await the attack of the 
larvae, as soon as hatching takes place. In 
this way the young of the solitary wasps 
are assured of a bountiful and long-lasting 
food supply. 

Other remarkable wasps include those 
belonging to the genus Pompilus, which do 
not hesitate to attack even such large spi- 
ders as the wolf spiders, and the gall wasp, 
or gallfly, which lays its eggs in plants and 
Causes galls to form. 


ICHNEUMONS 


The family Ichneumonidae includes 
some 40,000 known species. Ichneumon 
flies look somewhat like wasps, but their 
antennae are usually longer and contain 


The termite society is also based on division of 
labor. Here a greatly swollen queen termite is at- 
tended by worker termites. 


Kiell B. Sandved/Photo Researchers 
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more segments than those of wasps. 


The ichneumon fly deposits its eggs on 
or beneath the skin of vario nsect larvae, 
When these eggs hatch, the ung feed on 
the tissues or juices of the tims. In this 
way, ichneumons kill great nmbers of lar- 
vae of insects that are har to people, 


thus ranking them among most valu- 


able allies in the insect world 


TERMITES 

The termites, or whit s, are not 
ants at all but deserve men 5 social in- 
sects. They form the order | ra, a name 
that refers to the equal si ! shape of 
the wings of those form ng wings. 
Unlike ants, termites arc slender- 
waisted and their antennae t elbowed. 

Termite society is base caste sys- 
tem. A queen and king í the royal 
couple. The queen has an w0usly en- 


larged, cylinder-shaped at n. During 
a year, she lays at least 3,000 0 ) eggs and 
probably more. The small | s devoted 
to his queen throughout | ife, fertil- 
izing her eggs at intervals > from this 
royal pair, there are individ capable of 
reproducing who are kept i liness for 
the queen’s eventual decline 

Workers are soft-bodi zale crea- 
tures that labor constantly nstructing 
the nest, collecting food, carinz for the egg, 
and feeding the queen, soldiers. and young. 
With some species, nymphs instead of 


workers do these tasks. 

The soldiers defend the nest against 
invading ants. Some termite soldiers have 
enlarged, armored heads with formidable 
jaws. Others, with small jaws, have a snout- 
like projection that ejects an acrid or sticky 
fluid on an enemy. Each termite caste in- 
cludes individuals of all ages and of both 
sexes, 

Termites nest either below ground or 
above the surface in mounds, trees, and 
Stumps. They build enclosed mud runways 
to their sources of food, which consists of 
dead tree stumps and limbs and the wood 
of our houses. This wood is broken down 
in the digestive tract by protozoa that 
Convert the cellulose into a usable food. 
Termites also eat fungi and grasses. 
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John C. Pallister 


To many people a beetle is a dark, 
scurrying litle insect that arouses disgust 
and perhap: apprehension. The very name 
of the inse. reflects this attitude, for “bee- 
tle” comes from the Anglo-Saxon bitol, 
meaning “creature that bites.” 

Some >cetles, however, are insects 
that people enjoy watching. Ladybugs, or 
lady beetle. and fireflies are examples. One 
beetle, the scarab Scarabaeus sacer, was 
worshiped by ancient Egyptians as a sym- 
bol of etern life. 

Some species are very useful because 
they prey ©» insects that we consider to be 
pests. Other beetles are scavengers, bury- 
ing small dead animals, cleaning up debris, 
and making ‘he earth more attractive. 

But there are thousands of species that 
are pests that destroy trees, crops, pro- 
cessed foods, clothing, and furniture. A 


few are parasitic on human beings. Some 
transmit a tapeworm to rats, other animals, 
and humans 

The word “beetle” is applied to all the 
members of the order Coleoptera. The bee- 
tles are the most numerous of all the orders 
of insects. There are some 300,000 species. 


GENERAL CHARACTERISTICS 


A beetle may be no larger than a pin- 
head or it may be as big as a man’s fist. 
It may be dull in color or gleam like a pre- 
cious jewel. It may be slender and graceful 
orantlike in shape. 

Like all insects, a beetle is a boneless 
animal. Its vital organs and muscles are 
Protected by a jointed, segmented case of 
hard Material called chitin. Its body is di- 
vided into three parts: the head, thorax, 
and abdomen. The head carries the eyes, 
antennae, and mouth parts, which are very 
complicated. The thorax, or middle section, 

s the six legs and two pairs of wings, 
and, within, some of the digestive organs. 
The abdomen is made up of nine or ten ring- 
like segments of chitin, connected by a 
Softer tissue. It contains the organs for 


Sapian eken/Pheia Researchers 
This spotted longhorned beetle is a member of a 
family having long and often hairy antennae. 


breathing, digesting, and reproducing. The 
stridulating organs, which produce sound, 
are also found on the abdomen. Not all 
beetles possess these organs. — $a 

All beetles have one pair of jointed 
antennae, usually projecting in front of the 
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Labial 
[pus 
Antenna ——___ PAPU A || 


eyes. These may be so short that you can 
hardly see them, as in carpet beetles and 
lady beetles. Or they may be two or three 
times as long as the insect’s body, as in the 
long-horned wood-boring beetles. Under a 
low-powered microscope, the antennae 
show an astonishing variety, of shapes. 
They may suggest a brush, a feather, a 
String of beads, a comb, or a club. 

The most remarkable structure of bee- 
tles, which distinguishes them from prac- 
tically all other insects, is the outer, or 
first, pair of wings, called elytra. They do 
not look at all like wings. They are hard and 
shell-like and serve as a covering for the 
second, or inner, pair of wings and for the 
abdomen. The underwings are thin and 
membranous, and when not in use are 
folded and refolded under the elytra. The 
elytra are of little help in flying. 

All beetles have elytra or traces of 
elytra. The name “Coleoptera,” which 
means “sheathed wings,” is derived from 
this wing arrangement. The only other in- 
sects that have wing sheaths are the ear- 
wigs, some grasshoppers, and some Ho- 
moptera. However, their sheaths are not 
nearly so firm and shell-like as those of the 
beetles. 

A beetle’s thorax is composed of 
three segments, each of which bears a pair 
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Mandibles 


Maxillary 
palpus 


Head 


Compound 

Diagram s ng the exter- 
ipara nal struct i a ground 
beetle. One 1e elytra has 
Eee been spre opens the 
abdomen the under- 
wing. Th spiracles, 
along the ) of the ab- 
domen, ars enings lead- 

ing to thet ng tubes. 
of legs. The elytra are faste to the top 
of the middle segment, coveri the back 
segment, and part or more o"t- all of the 
abdomen. The top of the fro racic seg- 
ment —the prothorax —is as | and shell- 
like as the elytra. In some s; s it fits so 
neatly against the elytra that n the bee- 
tle is resting, its back appears to be in one 

piece. 

During its life a beetle posses through 
four distinct stages. First it is egg. This 
hatches into a wormlike larva, commonly 
called a grub. The grub eats \ oraciously; 
this is the only stage of the beetle’s life 
during which it increases in size. (Little 


beetles are never the young o! large bee- 
tles; they are always of a different species.) 

As the grub grows too big for its skin, 
it molts, or sheds the skin. It usually molts 
five or six times before it is full-grown. 
Having eaten all it needs, the larva seeks a 
secure resting place. Often it shelters in the 
plant or tree where it has been feeding. Or 
it burrows into the ground, where it builds 
itself a little cell. Some leaf-eating weevils 
spin cocoons. 

Once it is secure in its shelter, the grub 
becomes a pupa, eating nothing and remain- 
ing motionless while great changes go on in 
its body. This period may last only three to 
four days in the case of lady beetles, when 


the humid!‘ and temperature are just right. 
Or it may !°s! all winter, in the case of bee- 
tles that become pupae in the autumn 
months. Finally, the adult beetle emerges 
from the pupal case. The ordinary beetle 
lives only to six months. Certain wood- 
boring be: , however, have a life cycle of 
several y 

Land ‘cetles are found all over the 
world, e* in the extreme northern or 
southern as. A few species dwell in 
freshwal: nds and streams, but none in- 
habit occ ind seas. 

The eoptera are subdivided into 
about 15 nilies. In the following pages 
we briefi mine some of these families. 
TIGER B ES 

“Tiger beetles” is an appropriate name 
for the fi and swift members of the fam- 
ily Cicit lae. They feed on other in- 
sects, wh.) they stalk along sandy banks 
and bea: on roadsides and woodland 
paths. TI are rather small, slender in- 
sects, ju out the color of the sand or 
dirt upon ch they run. However, one of 
the cor vest. species in the eastern 
United © s is a brilliant metallic green, 
and seve elated species are greenish or 
bronze-coiored. The elytra are often 
spotted or banded in lighter tints. 

Tiger-beetle larvae are whitish grubs 
with b netallic heads and very large 


mandibles 
than the a 
in small burrows they have dug, with their 
heads just protruding and their mandibles 
wide open, ready to seize any insect that 
walks over them. Hooks on the back of the 
abdomen serve to anchor the grub to the 
sides of its burrow, so the intended prey 1S 
not able to launch a counterattack by jerk- 
ing the larva out of its lair. 


WATER BEETLES 


_ Although most beetles are strictly land 
insects, there are a few families that spend 
much or all of their lives in ponds and 
Streams. The diving beetles make up the 
Dytiscidae, the largest family of water bee- 
tles. They are oval in shape and generally 
Tange from medium to large in size. They 


are brownish or greenish black. They have 
long, sturdy hind legs, which they use as 
oars. Under their wing covers they carry a 
supply of air for breathing while they hunt 
or rest on the bottom. Both adults and lar- 
vae feed voraciously on all kinds of aquatic 
insects, tadpoles, and even small fish. 
Adult diving beetles sometimes migrate at 
night in great numbers from one pond to 
another, stopping on the way to whirl 
around a street light. 

If you approach a pond or pool quietly, 
you may surprise a group of whirligig bee- 
tles circling around on the surface of the 
water. Disturb them and they will quickly 
dive to the bottom. These small dark in- 
sects comprise the family Gyrinidae. Their 
long, slender front legs are equipped to 
seize prey, while the middle and hind legs 
are broad and flat for swimming. Their 
habits and food are much like those of the 
Dytiscidae. 


The water beetle, or diving beetle, hangs head 
down with the tip of its abdomen piercing the 
water-surface film. It must surface to breathe. 
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The third important water-beetle fam- 
ily, the Hydrophilidae, are sometimes 
called water scavengers, because they feed 
on decaying vegetable and animal matter, 
However, they will eat any living creature 
they can catch. They somewhat resemble 
the diving beetles, but they use their legs 
differently and are not as good divers. 

The underside of a water scavenger’s 
body is hairy. Enough air clings to the hairs 
to give the beetle buoyancy. It also carries 
air under its wings for breathing. 

The insect called the black water bee- 
tle, which is found around kitchen sinks 
and drains and other damp places, is not a 
beetle. It is the black Oriental cockroach, 
or kitchen cockroach. 


GROUND BEETLES 


If you take a walk in the evening, you 
may encounter small, dark beetles scur- 
rying in front of you. The great majority of 
these will be ground beetles, or carabids, 
belonging to the large family of the Carabi- 
dae. Carabids are most numerous in areas 
where there is plenty of rainfall. 

Most ground beetles hunt at night, 
hiding by day under rocks, logs, or debris. 
If you raise an old board from the ground, 
you may catch a glimpse of some carabids, 
black or brownish, oblong, medium in size, 
with long, slender legs. They will try to run 
away rather than fly. 

Most ground beetles feed on the larvae 
and adults of other insects, and also upon 


BEETLES 


Stephen 


The Hy le from Vene- 
zuela i he cucumber 
beetle. 
slugs, snails, and eve r creature 
they are able to captur w are seed 
eaters, and the grubs of small num- 
ber are said to feed on sp corn, 
CARRION, OR BURYING ES 


Certain members « 
phidae help keep the si 
clean by burying small d 
a pair of these beetles fir 
small snake, the female 
in it. Then the beetle 
body seven to ten cent 
ground. When the larvae 
feed on the decaying flesh 

There are many spe 
beetles. One of the larges 
spicuous, Necrophorus ar 
to four centimeters long 
black, oblong, heavy-bodi« 
two large reddish spots on each wing cover. 
The prothorax is hemisph« ıl and red; 
the head is almost as large as the prothorax. 


family Sil- 

the earth 
nals, When 
d mouse or 
s her eggs 

bury the 
under the 
itched, they 


of burying 
most con- 
ius, is two 
a shining 
nsect, with 


LADYBIRD BEETLES, OR LADYBUGS 


Unlike most beetles, the ladybirds, oF 
coccinellids, have always enjoyed wide 
popularity. These members of the family 
Coccinellidae were long considered omens 
of good luck: children throughout Europe 
and North America sing affectionate little 
verses to them. Nowadays most people 
know that ladybirds eat the aphids or plant 
lice that attack house and garden plants. 


There ar yecinellids, however, such as 
the squé etle and the Mexican bean 
beetle, \ ı eat plants instead of other 
insects do considerable damage in 
gardens 

Bot helpful and harmful varieties 
of cock ids are attractive beetles. 
Rather in size, they are broadly oval 
or hemi cal. The many species of the 


true la are enameled in different 


shades d with black spots. Usually 
these a aphid eaters. Other species 
are bla h red spots; many of these at- 
tack sc sects. The herbivorous lady 
beetles kely to be yellow with black 
spots. 
SKIN B 

Ev ly hates the skin beetles, or 
Derme (skin-eaters), and with good 
reason beetles love to feed on every 
animal ‘t that people have processed 
for their use. Fur and feathers, woolen 
cloth, ham and cheese, flour and 
meal, insects, stuffed birds and ani- 
mals in eums —each of these products 
is a foo jne or more dermestid species. 


M f these pests are quite small, 


six mil rs or less in size. Larger ones 
may bi much as 13 millimeters long. 
They isually oval, plump, and dark- 
colored ‘y are partly covered with fuzz 
in a lig tint, or with scales that rub off. 
In general, the larger dermestids feed on 
hides and dead animals; they are called 
hide beetles 


The scarab dung beetle, which 
is only about two and a half cen- 
timeters in length, can make 
and roll a ball of dung the size 
of a human fist 


: Dermestid larvae are small and brown- 
ish, covered with many black hairs and 
bristles. They can move very rapidly. If 
you watch one closely, you may see it do 
a curious thing—run a short distance, 
stop, vibrate its hair rapidly, then start 
running again. The larvae are more destruc- 
tive than the adults, eating voraciously 
when food is available. Yet they are able 
to live a long time without any food. 


CLICK BEETLES 


A large variety of extraordinary bee- 
tles belong to the family Elateridae. The 
most amazing characteristic of the click 
beetles, or elaters, is their ability to hurl 
themselves up in the air. When disturbed, 
the elater drops on its back to the ground, 
feigning death. When it seems safe to move 
again, the beetle bends its head and thorax 
back, pushing a special spine on its pro- 
thorax almost out of the groove in which it 
lies. Suddenly the tension is released. The 
spine snaps back along its groove with a 
clicking noise, driving the base of the elytra 
against the ground with such surprising 
force that the little insect may be shot 10 
or 12 centimeters up into the air. 

Click beetles are also known as skip- 
jacks and snapping beetles. A conspicuous 
temperate species is the eyed elater, Alaus 
oculatus, a sturdy fellow sometimes five 
centimeters long. It is shining black, 
flecked with silvery scales. On top of its 
large prothorax two big black spots, out- 
lined by a ring of white scales, imitate two 
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Kjell B. Sandved 


The colorful Phaneus imperator, of the scarab 
family, has a long, curved horn protruding from its 
head. 


glaring eyes. Eyed elaters are found all 
summer long around old stumps and logs, 
where their larvae live, feeding on the rot- 
ting wood. 

Elater larvae are long, slender, smooth, 
yellowish grubs, so hard and stiff that they 
are called wireworms. Many feed on decay- 
ing wood. Some, however, live in the 
ground, annoying farmers by burrowing 
into bulbous roots, tubers, and sprouting 
corn seed. 


METALLIC WOOD BORERS 


Nearly all the metallic wood borers, 
or Buprestidae, are striking insects. Their 
copper, gold, green, blue, or red backs shine 
with a metallic luster and often are deco- 
rated with intricate patterns in contrasting 
colors. Since their bodies are hard and the 
colors do not fade, buprestids are often 
used as decorations, not only by natives in 
tropical forests but by art workers every- 
where. Two of the most gorgeous species 
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are called jewel beetles; alians set 
them in mountings to wear a els. 


Buprestid species ma short and 
flat, or oblong and cylind They are 
large in the tropics—a B 1 giant is 
over five centimeters lon; small to 
medium-sized in temperat ons. Most 
of them are tropical and r ull live in 
forests. The adults like to >mselves; 
you may come upon one me dark 
woods, glittering in a sm: h of sun- 


light. 

The larvae are blind 
a small head and a large 
thorax is often mistaken fi 


gives the grub the name of f led wood 
borer, or hammerhead 
FIREFLIES 

Fireflies, or “lightning make up 
the family Lampyridae. Th etles add 
mysterious charm to sun -venings. 
Even a city dweller may se¢ sparklers 


ona park or lawn and arounc es. 


In the daytime, with i ys turned 
off, the firefly is not a part notable 
insect. It is medium to sr ed, elon- 
gated or oblong, black or b h, edged 
with red or yellow. The elytr i the tho- 
racic covering are not so ! in most 
beetles. ; 

The females of many spe ire wing- 
less, wormlike creatures. T! re some- 
times three or four times as long as the 
male. They glow at night fror ots along 
the sides of the abdomen and thorax. The 
European glowworm belongs to this group. 

Each species of firefly appears to have 
its own code of signals. It has been assumed 


that the lights are signals be ween the 
sexes. But many larvae also are luminous, 
and so are a few pupae. In some tropical 
Species the larvae have lights but the adults 
do not. Not all lampyrids are luminous; 4 
great many species are diurnal and have 
no need of light. X 
Adults and larvae of nearly all species 
are carnivorous, feeding on small worms, 
snails, and the larvae of other insects. 


DEATHWATCH BEETLES AND THEIR KIN 


Members of the family Ptinidae are 


small ins six millimeters or less in 
length. T! are dull-colored scavengers, 
living on dry vegetable or animal ma- 
terial. 

The t dreaded member of this fam- 
ily used je the deathwatch beetle, a 
tiny bro isect that feeds on decaying 
wood. | ı feasts on the wood of old 
houses does so it makes a ticking 
noise th he silent night, seems porten- 
tous. 

In lays when druggists carried 
large si of dried roots and leaves 
from wt o compound their medicines, 
they w uch annoyed by drugstore 
beetles, h ate their medicaments and 
also the ars. Today’s medicines are 
compou n laboratories and packaged 
in glass drugstore beetle, therefore, 
has mo ) the grocery store, where it 
can live nything that is dry and avail- 
able. 

Yo y find in your bathtub what 


looks li tle red spider, with a globular 


body, ei mooth and shining or partly 
fuzzy, : ig slender legs. This is really 
a beetle or another of a few species of 
the Ptin it has fallen into the bathtub, 
in whic ; trapped. It cannot climb the 
slick sic the tub and it has no wings for 
flying. ( n the bathtub is it visible. Else- 
where ld blend completely with its 
surround and would almost certainly 
escape ¢ tion. 
DARKLI! EETLES 

Darkling beetles, or tenebrionids, form 
the family Tenebrionidae. They are found 
mostly in arid regions. They are usually 


The highly developed and sometimes branched 
Mandibles of the male give the stag beetle its name. 
John Gerard, Audubon/PR 


N. Smythe, Audubon/PR 


Unlike many other beetles, the ladybug is welcome 
in the garden because it eats aphid pests. 


nocturnal scavengers, feeding on dead or 
decaying vegetable matter. Some species 
devour living plants, and sometimes be- 
come so numerous that they denude the 
sparse natural vegetation and damage culti- 
vated crops. 

In general, darkling beetles are small 
to medium, black, and stoutly built. Many 
species are wingless, and their elytra have 
been fused together. Their legs are long, but 
they move rather slowly with an awkward, 
loose-jointed gait. 

The long and slender larvae live in de- 
caying wood and dried vegetable products. 
Some species of European and Asian origin 
have specialized on grain and grain prod- 
ucts. Now distributed around the world, 
they cause considerable damage. The meal 
worm, Tenebrio molitor, which attacks ce- 
real products, has become a commercial 
product itself; it is raised in large quantities 


to feed pet birds. 
STAG BEETLES 


Members of the family Lucanidae 
are large insects. The males have huge 
mandibles, or jaws—hence one common 
name, “pinching bugs.” The other common 
name, stag beetles, comes from the re- 
semblance of the mandibles to the antlers 


of deers. 
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N. Smyth, Audubon/PR 


A scarab beetle. The ancient Egyptians considered 
some species sacred symbols of resurrection. 


It is not known what use the males 
make of their mandibles, They have been 
observed fighting each other, not by 
pinching but by pushing or butting. If 
you push a small stick in front of the pinch- 
ing bug, it will grasp it with its mandibles 
and hold on tight while you lift it into the 
air. Do not offer a finger; the beetle can 
draw blood. 

The giant male Stag beetle, which 
lives in rotting logs and stumps, is a for- 
midable-looking creature. It ranges in 
length from 4 to 5.7 centimeters. From 
the head of its highly polished chestnut 
brown body protrude two mandibles that 
are almost as long as the whole body. The 
antennae are black, elbowed, and end in 
small combs. The strong black legs are 
edged with short spines. The female is 
smaller than the male; her mandibles are 
short and stout. 

Like all lucanids, Stag-beetle larvae 
live in old logs and stumps of oak, maple, 
and apple, and Tequire two or more years 
to mature. 


SCARABS AND THEIR KIN 
The Scarabaeidae are a numerous and 
famous family. They are so varied in form, 


size, and habits that about the only charac- 
teristics they have in common are antennae 
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that end in a leafy club, lar eS, a large 
and prominent prothorax, a ong legs, 

They include the large tles in the 
world and also some of the lest. They 
may be any color from du k to bril- 
liant hues on metallic or en | surfaces, 
Because of these variatioy Scarabae- 
idae have been divided into even sub- 
families. Some entomolo; ve raised 
the family to the status « erfamily, 
called Scarabaeoidea, and ibfamilies 
to family rank, but the re lip is the 
same. 

The scarab, the ancic ptian sa- 
cred beetle after which t le family 
was later named, is one of g beetles. 
These are useful scavenge clean up 
excrement by rolling it int alls. The 
females deposit their eggs balls and 
then bury them. The Egyp Id one or 
two scarab species sacred ymbol of 
resurrection, and placed th he tombs 
with their dead. They pair ‘tures of 
the scarab on their stone c ind made 
models of it in jewelry, 

Another well-known are the 
May beetles, or June bugs, lied crea- 
tures that bumble around in irly eve- 
ning. Tropical kinds are bril colored; 
temperate species are bri 1 These 
beetles are vegetarians, the its eating 
leaves and the larvae living u round on 
roots. The beautiful and de tive Jap- 
anese beetle, Popillia japon s closely 
related to the June bug. 

Pictures and museum specimens have 
acquainted many people with the giant 
tropical scarabs and their grotesque horns. 
The horn projecting from the prothorax 


of the male Hercules beetle, Dynastes her- 
cules, of the West Indies may be more than 
six centimeters long; the entire insect is 
often more than 15 centimeters long. The 
massive elephant beetle, which dwells in 
the tropical Americas, is the thickest and 
heaviest of all beetles. It is ten centimeters 
long; its wing spread of 20 centimeters en- 
ables it to fly quite well. The males of the 
Goliath beetles of Africa and eastern Asia 
are 12.5 centimeters long. They have no 
large horns, but the prothorax is enormous- 
ly swollen and beautifully marked. 


LONG-HORNED WOOD-BORING BEETLES 

The double-jointed name of the Cer- 
ambycidz tly describes the majority of 
the specie this large family. The term 
“horn” re to the insect’s antennae and 
not to tl tuberances on the head or 
prothorax | «und on some other beetles. 

The nbycids range in size from 
the pygn tle of central North America, 
which is t 2¥2 millimeters long, with 
antennac¢ e same length, to the startling 
Batoceri ew Guinea, whose 7¥2-centi- 
meter bc rries antennae almost 18 cen- 
timeters 

Cer ids have large eyes and 
mouth p he mandibles of some males 
are very and antler-shaped in some 
tropical es. The legs are long and 
slender: times the front pair are nearly 
twice as is the others. The insects dis- 
play all and color patterns. Usually 
they ha ze, powerful wings, though a 
few spec e wingless. Many have stridu- 
lating « for producing sound; they 
make a } ır squeaking noise. 


Son ecies have a pleasant odor. 


For exar the European musk beetle, a 
beautifu ver and green insect, smells 
like atta roses. Many long-horns are 
good mi some look like bumblebees; 
others, | asps. One African species is 
camoufl to resemble a piece of velvety 
moss as ts ona tree trunk; its antennae 
appear to be dried twigs. 

All cerambycids are vegetarians. The 
adults feed on fungi, pollen, or green leaves. 
The larvae live inside a plant or tree, where 
they may spend from one to three or four 
years. The larva that lives in the agave, or 
century plant, in Mexico is a shrimplike 
creature that is an appetizing addition to 
a salad. 


Cerambycids reach their greatest de- 
velopment in the tropics, where they are 
avidly sought by collectors; every natural 
history museum has specimens of the larger 
and more striking long-horns. Many of the 
North American species are quite attrac- 
tive. The common milkweed longhorn, only 
a little more than one centimeter long, is 
bright red with black spots. Prionus im- 
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When the Japanese beetle was introduced to North 
America, it caused a great deal of damage to 
shrubs and lawns. 


bricornis, about five centimeters long, is a 
dark reddish brown with magnificent, heavy 
plumed antennae; its larvae infest the roots 
of orchard trees and grapevines. 


LEAF BEETLES 


Wherever you find green leaves you 
will find leaf beetles, very attractive little 
insects and very destructive from our point 
of view. Third largest of the beetle families, 
the Chrysomelidae are small to medium- 
sized and hemispherical, oval, or oblong in 
shape. Their mandibles, antennae, and legs 
are usually short. Some are enameled in 
brilliant colors. Many are striped and spot- 
ted. Others are a dull black or brown. 

Most leaf beetles live in the tropics, 
but there are 1,000 species in North Amer- 
ica. If you go out on a summer morning 
after a heavy dew you will find leaf beetles 
drying themselves on the top of leaves in 
the sun. 

Each species has its preferred plant 
food. Many of the larvae feed on the out- 
side of the leaf in company with the adults; 
they are active, bright-colored, chunky little 
grubs, in contrast to the pale sluggish lar- 
vae that live in the ground or inside a plant 
stem. 
Females of the beautiful genus Dona- 
cia drop down into the water to deposit 
their eggs on roots and stems of water lilies, 
pickerelweed, and other aquatic plants. 
Here the larvae will live until they pupate. 
Donacia beetles are gregarious. You can 
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often see numbers of them flying over or 
resting on the lush vegetation around ponds 
and swamps. 

The chrysomelids number several bad 
pests. The famous yellow and black Colo- 
rado potato beetle, Leptinotarsa decemlin- 
eata, has devastated crops in Mexico, 
eaten its way across the United States, and 
invaded Europe. Three or four species of 
brightly marked cucumber beetles do their 
share of damage to vines. Other species at- 
tack sweet potatoes, spinach, asparagus, 
and other agricultural crops. 


WEEVILS 


The weevils, or snout beetles, com- 
prise several families, most of which have 
beak-shaped heads. In some species the 
beak is very long, slender, and rigid. Other 
species have spoon- or shovel-shaped 
beaks. In one family, the bark beetles, the 
beak is so short as to be hardly noticeable 
or is missing altogether. 

All weevils are vegetarians, attacking 
most trees and cultivated crops. They have 
been a major pest for so long that now al- 
most any damaging insect is called a wee- 
vil, and the term ‘‘weevily’’ is used to 
describe damaged grains and grain products. 
However, only a few of this enormous 
group attack people’s possessions. The 


Leaf beetles cause a great deal of damage to cul- 
tivated plants, and may transmit plant diseases. 
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great majority feed on pla 
human beings are not at pre 


or on weeds, which compet: 


tivated crops. 

Brentidae. The weevil 
Brentidae are odd-looking 
often as long as their sl 


even longer. This is especi 


female. She uses her head 
hole in which to deposit 

times she gets stuck and 

her head. The male, who ! 
guard, then tries to pry he 
ing down on the end of | 
domen. 

Only a few Brentida: 
side of the tropics. There 
times five centimeters 
thicker than a matchstic 
large colonies under loose 
reddish species is fairly 
and maple in the United 
small, the males of this sp: 
pugnacious as their larg 
tives. 

Curculionidae. The < 
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than 40,000 described spec 
many others still unknown 
culios include many formi 
cotton-boll weevil, the app 
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| weevil feeding on a cotton blos- 
ore destructive than adults. 


urculio, the rose weevil, the 
and the rice weevil, among 


range in size from minute 
eters. All have prominent 
many are colored dull grey 
en alarmed, they fold their 
heir bodies and remain mo- 
12 for all the world like seeds 
Some are extremely beauti- 
ese is the diamond beetle of 
is covered with scales re- 
it blues and greens from mi- 
It was in such demand for 
time that it was almost ex- 


Bark beetles and ambrosia 

sing to the weevil family of 
have no long snout, are 

. and dull in color. They are 
pests. The female of the bark, 


d high, a heavy May beetle flies clumsily along 


or engraver, beetle excavates a passageway 
along the grain of living trees, just under 
the bark, and deposits eggs on either side 
at regular intervals. The larvae work at 
right angles to the lengthwise passage 
through the cambium layer, so that the 
route of one never intercepts that of any 
other. This makes a pretty pattern, but kills 
the tree. 

Ambrosia beetles penetrate deep into 
the wood of dead trees. There the female 
lines tunnels with a yellow fungus, called 
ambrosia, probably as food for the larvae. 
The tunnels spoil the value of the trees as 
lumber. The beetles spend their whole ex- 
istence in the tunnels, often remaining 
after the wood has been cut into lumber. 


OTHER BEETLES 


The family Meloidae includes the blis- 
ter beetle, which is well-known to pharma- 
cists. A variety of blister beetle—the Span- 
ish fly, Lytta vesicatoria—is dried and re- 
duced to powdered form to yield the phar- 
maceutical preparation called cantharides. 

The smallest of the beetles are those 
belonging to the Ptiliidae family. All are 
less than 16 millimeters in length. They are 
particularly common under loose bark. To 
the naked eye they appear to be mites. But 
the microscope reveals that they are true 
beetles, with elytra and wings. 
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The beautiful female Papilionidae, Parnassius clodius, with its identify 
abdominal structure, rests and feeds atop a thistle flower. 


BUTTERFLIES AND MOTHS 


by John C. Pallister 


The beautiful insects we call butterflies 
appeal to almost everyone, even to those 
who fear or dislike other insects, such as 
wasps, bees, or beetles. Boys and girls of- 
ten start their insect collections with butter- 
flies. Many adults also delight in collecting 
them, sometimes exploring remote and iso- 
lated areas in search of unknown species. 

Closely allied to the butterflies are the 
moths. Butterflies and moths belong to the 
order Lepidoptera, which is second only to 
the beetles in number of species. So far, 


nearly 150,000 Lepidoptera species have 
been described. 
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Moths and butterflies are foe 
throughout the world. A few species ine 
the subpolar regions and ascend to Sn 2 
line on mountains. There are far more T 
cies in temperate regions. In the tropics fi 
insects attain their greatest variety, large 
size, and most brilliant coloring. 


GENERAL CHARACTERISTICS 


The name “Lepidoptera” comes ws 
two Greek words: lepis, meaning ` er 
and ptera,—meaning “wings.” The re ty 
ence is to the minute scales that genem 
cover the rather broad, usually opaque 4 


membranous wings of these insects. The 
scales are usually triangular or elongated 
modified fairs, each fastened by a stemlike 
base to the wing. They are laid on the wing 
in regular rows, each overlapping the row 
below, like shingles ona roof. 


Since i^e scales are held only by the 


tiny sten base, they can be very easily 
dislodged. “erhaps you have noticed the 
dustlike » ticles that coat your fingers 
when you y to hold a butterfly. Uusually 
scales cove: wing and body surfaces. 


The ring of butterflies and moths is 


due in m ises to pigments imbedded in 
the scale ı some Lepidoptera, different 
colors a oduced as light is diffracted 
from mi closely spaced parallel lines, 
called s/ on the scales of the wings. 
This kin soloration is called structural. 
It results ı variety of iridescent hues— 
violet, b reen, copper, silver, and gold. 
The col nges as the surface is tilted. 


Mos: iepidopterous scales are striated 


(that is, possess striae), but in only a few 
cases are striae fine enough and close 
enough ether to produce iridescent 
structura! olor. In such cases, the striae 
may be ynishingly fine. In a Brazilian 
species he genus Apatura, there are 
1,050 striae to a millimeter. In species be- 
longing tc ‘he South American genus Mor- 
pho the siviae are even closer together. 
There are about 1,400 to the millimeter. 
There is sometimes considerable varia- 
tion in the coloring of butterflies of the 
same species. Where there are two or more 
broods a season, the spring forms may dif- 
fer radic in the shade of coloring from 


those in the summer brood; they are usually 
much lighter. If there is a fall brood, it may 
differ from both the spring and summer 
forms. Variation of this kind is called sea- 
sonal dimorphism. The two sexes of a given 
species are often differently colored. The 
male, which is usually somewhat smaller 
than the female, is quite apt to show more 
brilliant coloring. This differentiation 1s 
known as sexual dimorphism. 
Geologically, butterflies and moths are 
comparatively recent. In North America, 
butterflies occurred in the Eocene and Oli- 
gocene periods of the Cenozoic era, while 
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Butterflies and moths have a complex life cycle. 
The photos above show some of the stages in the 
life history of a monarch butterfly. The caterpillar 
(top) is the larval stage that hatches from the eggs. 
After the caterpillar develops and molts several 
times, it becomes a pupa, or chrysalis, entering a 
quiet period from which it emerges (middle photo) 
as an adult (bottom). 
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The strange-looking, smooth caterpillar will be- 
come a brightly patterned male cecropia moth 


in Europe small moths were trapped in 
amber in the Baltic regions during the Oli- 
gocene period. It is thought that some 
European finds may go back more than 
135,000,000 years, to the Jurassic period 
in the Mesozoic era. 


LIFE CYCLE 


Butterflies and moths rank among the 
more highly developed insects —those hav- 
ing a complete metamorphosis. This means 
that they go through four stages of develop- 
ment: egg, larva, pupa, and adult. 

Eggs. The eggs are small, round, oval, 
or somewhat elongate. They are variously 
colored and delicately sculptured with 
ridges or pits, according to the species. The 
female insect usually lays her eggs on or 
close to a plant whose vegetation will pro- 
vide the young insects with food. With some 
exceptions, each species feeds only on one 
particular plant species or on a closely re- 
lated group of species. 

Larval stage. The creatures that hatch 

from moth or butterfly eggs are the cater- 
pillars, scientifically known as larvae 
(singular: larva). The young of most butter- 
flies and moths are herbivorous. A few spe- 
cies are carnivorous, feeding on aphids and 
scale insects. Of the four stages this is the 
only one in which the insect can grow. 
_ _ The caterpillar feeds as voraciously as 
its food supply will permit. As the skin, or 
covering, of the animal grows tight, it is 
shed, or molted. The covering that has 
formed beneath the old one is soft and 
expands to accommodate the increased 
growth. There are five or six molts on the 
average — though some species may molt as 
many as 20 times. 

Caterpillars have three pairs of true 
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legs, one pair to each segmer 
The thorax is the part of 


>f the thorax, 
ody between 


the head and the abdom ìn the abdo- 
men there are from one tí pairs of pro- 
legs. These fleshy protub es are armed 
with hooks for grasping or leaves of 
the food plant. Most cate s have five 
pairs of prolegs, one pair >n the third, 
fourth, fifth, sixth, and r terminal, 
abdominal segment. Cat s travel by 
stretching out the front f the body, 
taking hold with the tr and then 
drawing forward the rear f the abdo- 
men. The eyes are simp irranged in 
pairs; there are from tw« n each side 
of the head. 

Pupal stage. After rpillar has 
gone through the require er of molts, 
it becomes a pupa (plur 1e). In but- 
terflies and moths the ; frequently 
called a chrysalis. It do in the least 
resemble a caterpillar. | t cases the 
appendages are “glued 1° to the 
body—though frequent le through 
the pupal skin — giving th t a compact 


appearance. 

The pupal stage is a 
It may last from a few 
months or more, depend 
Most butterfly pupae are 
some stable object a little 


ent period. 
to several 
the species. 
fastened to 
ce from the 


ground. Some hang head ard froma 
pad of silk, which the cat r spun ona 
sheltered object before m The swal- 
lowtail butterflies (family | onidae) and 
the white, sulfur, and orar ) butterflies 
(family Pieridae) pupate in a more or less 
upright position, with the tip of the abdo- 
men in a pad of silk; a silken strand, looped 


around the middle of the body, is fastened 
at each end to the support. s 

Moth pupae are sheltered in various 
ways. Most of them pupate on or near the 
ground under leaves, old logs, or loose 
bark, or in hollow trees. Many moth cater 
pillars burrow into the ground, where they 
form a smooth cell in which to pupale: 
Some line this cell with silk. Others, suchas 
the woolly bears (family Arctiidae), use the 
spiny hairs from their bodies with a few 
strands of silk to form a rough cocoon in å 
sheltered place near the ground. 


The most conspicuous cocoons are the 
beautiful silk ones spun by the larvae of a 
number <€ e giant silkworms (family Sa- 
turniidae 

Adu ge. After a certain period of 
inactivit ı pupa —a period that varies in 
length ac ling to the species —life begins 
to stir in nsect. With the final molt the 
pupal ca plits down the back and out 
crawls a ‘rfly or moth. It is a poor be- 
draggled ture at this time. Its wings are 
limp aní jody is swollen. But soon the 
body flui -gin to flow into the veins of 
the win ich start to expand and spread 
out. The ding of the wings must pro- 
ceed rapi If the air is too dry, the wings 
may dry before they are properly 
spread ve insect will be imperfectly 
formed ist transformation of the but- 
terfly or | usually takes place at night. 
All the dages now function and the 
body ha: ined its normal size. Soon the 
lovely cr re will be ready to fly off, seek 
food, and mate. 

LARVAE ESTS 

The larvae, or caterpillars, of the Lepi- 
doptera cularly some of the moths, are 
often ser pests because in order to sat- 
isfy their voracious appetites they feed on 
plants and products that are useful to hu- 


mans. of these pests follow. 
The larva of the gypsy moth, Porthe- 


tria dispar, is one of the worst. It devours 
the leaves of apple, oak, gray birch, alder, 
willow, and various other deciduous trees. 


When cankerworms — the caterpillars of the 
Geometridae—are very numerous, they 
can strip the leaves of practically all the 
trees in extensive wooded areas. The cod- 
ling moth, Carpocapsa pomonella, cater- 
pillar feeds on apples and other pome 
crops. The wild cherry and other food trees 
are attacked by the larvae of several spe- 
cies belonging to the family Lasiocampidae. 

The cutworms—the larvae of various 
genera of noctuid moths—are so called 
because they cut the tender stems and 
leaves of various young plants as they feed. 
The army worm, Cirphis unipuncta, de- 
Stroys grass, grain, and other crops. The 
tobacco worm, genus Protoparce, attacks 


tobacco plants; the cabbage web worm, 
Hellula undalis, cabbages and other vegeta- 
bles. The larvae of several moth species 
belonging to the family Tineidae feed on 
woolens, furs, and feathers. 


DIFFERENCES BETWEEN BUTTERFLIES 
AND MOTHS 


Many different systems of classifica- 
tion have been proposed for the Lepidop- 
tera. Even at the present time no system is 
satisfactory to all workers. Even the divi- 
sion of the Lepidoptera into the butterflies, 
Rhopalocera, and the moths, Heterocera, is 
much disputed and considered by some to 
be artificial. However, this division is a 
practical one and still serves. 

The antennae furnish the main point of 
difference between butterflies and moths. 
In butterflies the tips of the antennae are 
distinctly knobbed or enlarged. In moths 
the antennae assume a variety of forms. 


Two types of butterflies found throughout much of 
the world. Top: a painted lady. Some species of 
painted ladies are migratory, traveling great dis- 
tances. Bottom: a fritillary, with typical orange- 
brown heavily spotted and marked wings. 
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Morpho peleides, from Mexico. Beautifully colored, 
iridescent morphos are found throughout the tropi- 
cal Americas. 


They may be slender, tapering to very fine 
points. They may be feathery, or fernlike. 
Or they may be pectinate (provided with 
teethlike projections or divisions). 

There are exceptions. The skippers 
(family Hesperiidae), the giant skippers 
(family Megathymidae), and a few other 
small families are all definitely butterflies, 
with knobbed antennae. In most of these 
insects, however, the knob has a very fine, 
tapering, pointed tip, which is set at a very 
sharp angle. The antennae of the Sphingi- 
dae, which are moths, are tapering and very 
finely pectinate, as we might expect of 
moths, but the tip is curved much as in the 
skippers. 

Another characteristic that distin- 
guishes butterflies from moths is that prac- 
tically all butterflies fly only in the daytime, 
unless they are disturbed, while most moths 
fly only at night, unless disturbed. How- 
ever, a few moth species, largely of the fam- 
ily Uraniidae, are diurnal. In this family the 
insects greatly resemble butterflies in their 
coloring, their broad butterflylike wings, 
and, in some species, their “tails,” or wing 
extensions. 


SOME BUTTERFLY FAMILIES 
As already pointed out, the Lepidop- 
tera number about 200 families. In the fol- 


lowing pages we shall discuss some of the 
larger and more conspicuous ones, 
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Family Papilionidae 
this large group are know 
Many of the species ha 
tensions, on their hind wi 
have two “tails’’—a feat 
for the name “swallowt 
of the Papilionidae are nc 


members of 
swallowtails, 
tails,” or ex- 

A few even 
hat accounts 

The “tails” 
sitive identi- 


fying character. Certair ibers of the 
family have no “tails” a Also, certain 
butterflies and moths b ing to other 
families have extensions ¢ hind wings. 

In general, swallo species are 
medium to large, vividly ed or show- 
ing contrasting colors of | yellow, red, 
and white. There are 1,000 de- 
scribed species of pay Most are 


found in the tropics, but ı vave invaded 
subtropical and temperat ns, 


Dimorphism, both al and sex- 
ual, is common among wallowtails. 
Many of the caterpillars ye spots on 
the thoracic region. Man a Y-shaped 
scent organ that can be ded from a 
slit on the dorsal (back) p 

Among the most no icent mem- 
bers of this family are t! d-wing but- 
terflies of the genus O7 rera. Some 
entomologists consider a separate 
family. Most of the bird- tterflies are 
gorgeously colored. The r which are 
generally smaller than th ales, have 
brighter colors. The front ss are very 
large and elongate; the hinc gs are much 
smaller. These butterflies very strong 
fliers. They usually prefer the region of the 
treetops. For this reason t! re difficult 
to collect. These insects are found particu- 
larly in New Guinea, Java, Sumatra, and 
Malaysia. 

Family Pieridae. The whites, yellows; 
sulphurs, and several other groups make up 


the family Pieridae. These insects are small 
to medium in size and worldwide in dist 
bution, ranging from the tropics to the tem- 
perate regions. The cabbage butterfly hov- 
ering over garden cabbages and the com 
mon sulphur that children pursue over 
clover fields are familiar representatives 0 
this family. The sulphurs of the tropics are 
medium-sized. They sometimes migrate M 
vast flocks to some unknown spot many 
kilometers away. 


Family Morphoidae. In the tropics of 


the Americas, from central Mexico south to 
southern Brazil, occur the gorgeous butter- 
flies kni 1s morphos. Tropical species 
show iri ent blues, greens, and purples, 
for it is in ‘his family that structural coloring 
is at its | 

Ove \0 species of Morphoidae are 
known are much sought after by 
collecto housands are used for decora- 
tive purposes in the manufacture of trays 
and jew So great has the trade in these 
colorfu ts become that some countries 
have r d to strict regulations to pre- 
vent th »ho from being exterminated. 


It i iting to see a blue morpho flit- 


ting al ungle pathway. With its slow 
easy fli; looks as if it would fly directly 
into an eld butterfly net. Appearances 
are dec , however, for the morpho is 
an exce t dodger. It will dash under the 
net, or p upward and over a treetop or 
backtr wn the path and lose itself in 
the foli 

Fan ymphalidae. The brush-footed 
butterfi ire a very large family. The 
front le e greatly reduced in size and 
are oft iry and brushlike. This charac- 
ter can be entirely depended upon to 
identif Nymphalidae, however, be- 
cause ıl other families, including the 
Satyridac. Danaidae, and Heliconidae, also 
have similar brushlike legs. 

Nymphalidae are generally medium to 
large butterflies, garbed in varied patterns 
and colors. They occupy a wide belt around 
the world, extending well into the temper- 
ate zones, and are easily available to butter- 


fly lovers in the Americas and Europe. 
Common names have been given to sever- 
al large groups, including the fritillaries, 
peacocks, tortoiseshells, and anglewings. 
Certain species of nymphalids have also 
received common names, such as the 
mourning cloak, the red admiral, and the 
painted lady. 

Family Danaidae. The well-known 
Monarch butterfly, belongs to the Danai- 
dae. This family has relatively few species 
but these number many individuals, which 
are found all over the world. z 

Family Heliconidae. These butterflies 
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The European swallowtail, Papilio machaon. Swal- 
lowtails are found throughout the non-polar world. 
Many species, like this one, have “tails” on their 
hind wings. 


dwell in the tropics. They flit gracefully 
from flower to flower along jungle trails on 
their very long, narrow, brightly colored 
wings. 

Family Brassolidae. These butterflies 
live in South America, the West Indies, and 
tropical North America. They are large and 
brightly colored on the upperside. The un- 
derside is brown, with lines and spots. 
There is a large eyelike spot in the center of 
each hind wing. When the wings are spread 
out, the underside, with its brown markings 
and two eyelike spots, suggests the head of 
an owl; hence the name owl butterflies. 


Male cecropia moth. Cecropias are large, beautiful 
representatives of the giant silk-spinning moths. 
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Top: a checkered skipper (Pyragus). Checkered 
skippers are widespread in Europe, Asia, and the 
Indo-Australian region. Lower: a small copper but- 
terfly (Lycaena phlaeas), found in North America, 
across Africa, and in central and northern Asia. 


These insects are very difficult to col- 
lect. When disturbed, they hide in a thicket 
with their wings folded over their backs, 
thus covering the bright topside colors; the 
brown underside markings blend with the 
leaves and tendrils. If disturbed, they will 
dash from their retreat, circle a few times, 
and then make for cover in another thicket. 
„Family Hesperiidae. These swiftly fly- 
ing butterflies are known as skippers. The 
many species are of small to medium size. 
Their color patterns generally show com- 
binations of brown, yellow, and blue. 

These insects form a connecting link 
between butterflies and moths, though they 
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are heavier and the sc 
than those of most butte 
mothlike appearance. H 
butterflies, they are diur 
only when disturbed ar 
find another hiding place 
knobbed as in the butter! 
is a tiny tapering extensic 


SOME IMPORTANT MOT 


‘lies. The bodies 
more hairlike 
S, giving thema 
ever, like most 
flying at night 
hen merely to 
ve antennae are 

. but on the end 

s in the moths, 


Family Sphingidae >se are the 
sphinx moths. The n: refers to the 
sphinxlike position many the larvae as- 
sume when disturbed. N of the adults 
are swift of flight, dash on their long 
slender wings from flow » flower. They 
are known as hawk mot/ few hover like 
hummingbirds in front o wers, probing 
into the depths of the cor with the long, 


coiled, springlike probi these are 
called hummingbird moths. Various species 
of the Sphingidae polli: flowers with 


long corollas. 

Family Saturniidae. T} 
ing moths make up an ot 
Their generally large size : à 
pearance make them a p< ur group with 
collectors. The largest knc moths occur 
in this family. The Atlas moth, Attacus at- 
las, of southern Asia and Malaysia has @ 
wing spread of nearly 28 centimeters. Two 
other moths of this family —Attacus ed- 
wardsi of Australia and Coscinoscera her 
cules of Australia and Papua—are just as 
large but are more rarely found in collec 
tions. The Cecropia moth (Samia cecropia), 
spicebush moth (Callosamia promethea), 
luna moth (Tropaea luna), polyphemus 
moth (Telea polyphemus), and ailanthus 
moth (Philosamia cynthia, introduced from 
China) are outstanding representatives 0 
the family in the United States. 

Family Arctiidae. The tiger moths are 4 
large family of over 4,000 species, world- 
wide in distribution. They are also known 
as woolly bears because the larvae of most 
of the species are covered with a long ani 
hairlike or thick and woolly covering. They 
combine this hairy covering with a few 
Strands of silk when ready to pupate. 

The moths of this family are generally 
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edium in size, black or white, and 


with contrasting black, red, 


vhite spots, lines or blotches. 


Noctuidae. This is one of the 
families, if not the largest, in 
pecies. Known as owlet moths, 
),000 species have been de- 
new ones are constantly being 
r lists. Many destructive lepi- 
sts, including the army worms 
s, belong to this family. 
uids are medium in size, and 
n are monotonously similar in 
ind gray markings. However, 
2s of some, especially those 
the genus Catacola, are most 
lored; they are jet black or al- 
ided with red, black, orange, or 
are easily attracted to lights 


3eometridae. This family, the 
ch means “earth measurers,” 
ery large family. The larvae are 
veasuring worms, inchworms, 
and loopers. This family, 
tuidae, includes many destruc- 
ts; the spring and fall canker- 
familiar examples. Geometer 
th the wings spread out flat. 
sychidae. The bagworms are in- 
cause the larvae construct 
igs, of silk interwoven with 
and other debris. The entire 


life of both the caterpillar and pupa is spent 
in the bag. The female adult, which is usu- 
ally wingless, also remains in her bag and 
lays her eggs in it. The adult male, however, 
has wings to hunt out the female. 

Family Limacodidae. The sluglike cat- 
erpillars of this family have no distinct legs. 
Some of these larvae, such as the saddle- 
back, are covered with spines that cause 
severe irritation to the skin. Some entomol- 
ogists use the name Cochlidiidae for them. 

Family Cossidae. These moths are quite 
large. The small larvae bore into the wood 
or stems of trees or large plants. The adult 
females are sluggish and may frequently be 
found even in daylight, resting near the light 
that had attracted them during the night. 

Family Aegeriidae. The clearwing moths 
have wings that are largely transparent; 
scales occur chiefly along the margins. 
They are rather small insects. The larvae 
are borers in certain plants and shrubs. 

Other moths. The Pyralididae are a 
very large family of very small moths. 
Many of these are destructive to hay, grain, 
and other crops. In the Tortricidae many of 
the larvae roll the leaves on which they are 
feeding into a small case, in which they can 
hide and be protected. 

The Tineidae are chiefly famous be- 
cause the three species of clothes moths 
belong here. Most species, however, feed 
on rotten fungi and other waste products. 


nt hawk moth (Deilephilar elpenor), one type of moth importantin 


Stephen Dolton/PR 


flowers. Right: a luna moth (Tropea luna), common in North America. 
1s are able to detect the scent of a female many kilometers away. 
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Adult colonial tunicates. As adults, most tunicates are attached tc 


ncy Sefton/PR 


r seaweed 


and lack a notochord. The free-swimming larval forms have a not 
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by Yvonne Bonnafous 


Animals are usually divided into two 
general groups: the vertebrates, which 
have backbones, and the invertebrates, 
which have none. The vertebrates include 
mammals, birds, reptiles, amphibians, 
and fishes, which have backbones. Ani- 
mals such as insects, spiders, clams, 
worms, and corals have no backbone. 
Therefore they must be invertebrates. 

Certain animals do not fall clearly in 
either group. They are the acorn worms, 
sea squirts, and lancelets, which number 


THE PRIMITIVE CHORDATES 


some 2,000 species all told. They do not 
have true backbones, but they develop 
a structure that is like a backbone. : 

How shall these apparently intermedi- 
ate animals be classified? Some zoologists 
have placed them in the same phylum, Or 
major group, as the vertebrates. The E 
mals in this phylum—Chordata—are calle 
chordates. The sea squirts, lancelets, an 
acorn worms have been ranked as primitive 
members of the chordates, and are calle 
protochordates. Many zoologists, hoW 


ever, no longer consider the acorn worm to 


be a chordate, and place it in its own sepa- 
rate phylum, Hemichordata. 
CHORD“ = CHARACTERISTICS 

All ‘be chordates—vertebrates and 


protochy ‘ates alike—have certain fea- 
tures in common. In the first place, they 
possess some time in their lives, an 
internal. vodlike, cartilaginous structure 
called notochord. The word ‘‘chor- 
date” ; its name from this structure. 
The n ord extends through the long 
axis ol body and gives it rigidity. In 
the h chordates—the vertebrates— 
the no yd is replaced early in the life 
of the ryo by the vertical column, 
or backbone, a jointed, bony structure. 


In > second place, all chordates 


at some | me or other have gill slits, which 
open into the pharynx, the back of the 
mouth. in higher chordates such as rep- 
tiles, birds, and mammals, the gill slits 
disapps ng before birth. Fish, however, 
retain t all through life. 

Fir all chordates have a hollow 
centra! yous system, or spinal cord. 
This | closer to the back than the 
notoch does. It extends the length of 
the body 

The primitive chordates are commonly 
divided into classes based on the nature of 
the notochord. The urochordates (*“tail-no- 
tochord animals”), or sea squirts, have a 
notochord in the tail in the larval stage. The 
cephalochordates (‘*head-notochord ani- 
mals”), or lancelets, are so called because 


the notochord extends into the head. It also 
extends the length of the body to the tail. 
In the hemichordates, or acorn worms, a 
blind (dead-end) pouch made of stiff, carti- 
laginous tissue extends from the wall of the 
pharynx up into the proboscis. Many zool- 
ogists do not believe that this stiffened 
pouch is homologous with a notochord. 
They include the animal with the inverte- 
brates. 


ACORN WORMS 


The acorn worms look like elongated 
Worms with an acornlike head. | oe 
acorn” is made up of a proboscis, OF 


tubular structure, and a collar, into which 
the proboscis fits. The collar is attached 
to a long, flat, ruffled trunk, tapering to- 
ward the end. The animals range in length 
from 2.5 centimeters to two meters; the 
average length is 15 to 25 centimeters. 

These relatively rare creatures are 
found buried in the mud and sand of low- 
tide zones. They are most common in 
warm waters. Like earthworms, acorn 
worms pass mud or sand through their 
bodies. They extract food particles from 
it and eject the wastes. The spiral cast- 
ings are deposited outside of the ani- 
mals’ burrows. These castings resemble 
those of earthworms. 

The proboscis of the acorn worm is 
long and muscular. The animal inflates 
and stiffens this structure by drawing in 
water and uses it to burrow in sand and 
mud. The mouth is located between the 
collar and the neck. It widens to form a 
pharynx. 

The acorn worm’s pharynx leads into 
the intestine, which is perforated with 
gill slits. The gills lead into a pouch, 
which opens to the exterior by gill pores. 
The intestine runs the length of the body. 


Acorn worms have internally a stiffening rod ex- 
tending from the pharynx to the acornlike probos- 
cis. Relatively rare, they are found in sand or mud 
in warm, shallow waters. 
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It ends in an anus at the tapered end of 
the trunk. 

The reproductive organs are located 
at the front end of the trunk. The sexes 
are separate. Males produce sperm and 
females eggs. Fertilization takes place 
outside of the body after the sperm and 
eggs have been ejected. Some deep-sea 
types, such as members of the genus Ceph- 
alodiscus, reproduce asexually by budding. 


Top: colonial tunicates, or sea squirts. The two 
openings typical of a tunicate body are visible. 
Food and water enter the mouth. Waste products 
leave by way of the atrial pore (lower opening seen 
on the sides of these tunicates). Bottom: soli- 
tary and colonial sea squirts with typical reddish 
and purplish coloring. 


Taronga Zoo, Sydney, Tom McHugh/PR 


Gary G. Gibson, Audubon/PR 


The larvae of acorn worms resemble 
those of the echinoderms (s Stars, sea 
urchins, and their kin) in | structure 
and development. For thi n many 
biologists believe that the lates are 
descended from the same as the 
echinoderms. 

SEA SQUIRTS 

In shallow sea water « ten finds 
orange, red, or purple objects 
attached to rocks, piles, eaweed. 
These colorful “bags” are squirts, 
or tunicates. The name iirts” is 
very appropriate. If one of animals 
is disturbed, it will squirt jets of 
water from two openings, « siphons, 
in the unattached end of t or bag. 
One of the siphons is the « mouth. 
The other is its atrial por: opening 
through which pass waste ter, and 
sex cells, 

The sea squirt body vari liameter 
from 2.5 to 30 centimeters ding on 
the species. A material c: inicin is 
secreted on the outside of ody and 
forms a thick coat, or tunic. | iccounts 
for the name tunicates. 

In the adult animal, wate ing food 
particles passes through the h and is 
filtered through gill slits. | articles 
are trapped by the gill slits nter the 
intestine. The water then f into a 
surrounding sac—the atriu ind out 
through the siphon called thí ial pore. 
Undigested waste materials : pass out 
of the body by way of the atrial pore 

Tunicates can reproduce budding. 
An adult buds again and again, producing 
new individuals. In time a large colony 


may develop on a rocky surface. Sexual 
reproduction also occurs. Tunicates are 
hermaphrodites. That is, each animal 
produces both sperm and eggs. Fertili- 
zation may take place within the body or 
eggs and sperm may pass out of the body 
and unite elsewhere. 

Free-swimming larvae develop from 
fertilized eggs. The link between the tuni- 
cates and the vertebrates is clearly seen 
in the larvae. These young animals, which 
resemble tadpoles, have a tail, The noto- 


chord is contained in the tail. As the ani- 
mal matures, both the tail and the noto- 
chord disappear. 

Not all tunicates are permanently 
attache rhe transparent forms called 
salpas free-swimming. They form 
colonie hich float about on the surface 
of the r like rafts. The tiny Appen- 
diculari so remain unattached. They 
swim al in the open sea. 

LANCE 


icelet, also known as amphi- 
oser to the vertebrates than are 
vorms and sea squirts. It is a 


the aco 
tiny cr e, rarely exceeding five centi- 


meters length. Its slender, translucent 
body, t ed at both ends, looks like that 
of a fi Phere is nothing very fishlike, 
however, about its long vertical fin. This 
structu: arts at the back of the head 
and p along the dorsal (top) part 
of the It widens as it goes around 
the tail the underside, it divides into 
two branches, which pass along the sides 
of the b o the head region. 


Lancelets are the most widely distrib- 


uted of the protochordates. Species 
are four’ in tropical and temperate wa- 
ters around the world. Generally, the ani- 
mal ren ; almost buried in sand. Only 
its “snoi (that is, what would corre- 
spond t nout in a vertebrate) protrudes. 
The little animal leaves its refuge from 
time to time and darts through the water. 
Soon it burrows in the sand again, tail 


first. It feeds on microscopic organisms. 

The snout of the animal consists of 
a cuplike depression surrounded by cirri, 
or bristles, which extend in front of the 
head. The cirri direct the flow of water 
into the lancelet’s mouth. The water, 
carrying bits of food, passes into the 
Pharynx, which is lined with gill slits. 
The pharynx is surrounded by a sac called 
the atrium. As water flows through the gills, 
the food particles are filtered out. The 
water then proceeds into the atrium and 
out of the body by way of an opening called 
the atrial pore. Food passes into the in- 
testine from the pharynx. Undigested 
wastes leave the body via the anus. 


Jacques Six 
Lancelets resemble fish but are quite different from 
them in internal structure and habits. 


Blood circulates in a closed system 
like that of the higher vertebrates. It 
passes through the gill region. From there 
it proceeds to the intestine and to the “liv- 
er” before it reaches the “heart,” which 
is simply a slightly enlarged blood vessel. 
From the heart it is returned to the gill 
region. Oxygenation of the blood takes 
place through the skin. 

The muscles lie in a succession of V- 
shaped blocks along the body wall, with 
the point of the V facing the head. This 
arrangement is also found in vertebrates. 

The notochord of amphioxus extends 
lengthwise from head to tail. Dorsal to 
it—that is, above it—lies the hollow nerve 
cord. The nervous system is very simple: 
there is no brain. The animal does not 
possess eyes. However, light-sensitive 
spots are present on the body and tail. 
A skin depression at the front end can de- 
tect chemicals in the water. : 

The reproductive organs occur in 26 
pairs along either side of the body cavity. 
They connect with the exterior by the 
atrial pore. The animals reproduce sexually. 
Sexes are separate; eggs or sperm are shed 
into the water in the early summer. 

The lancelets are the only members of 
the protochordates that serve as food for 
human beings. The tiny animals are netted 
in the South China Sea. Many metric 
tons—the equivalent of hundreds of mil- 
lions of lancelets—are consumed every 


year in China. 
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FISHES 


by Daniel M. Cohen 


From Baja California to the coasts of 
Norway; from China’s Yangtze River to 
the muddy Mississippi basin; from swift- 
ly moving alpine streams to ocean depths 
of 2,200 meters —in every part of the world, 
in every kind of water, there are fishes. 

The fishes dwell in a watery world that 
covers over three-quarters of the earth’s 
surface. As one might expect, therefore, 
they are the most numerous of the verte- 
brates, or animals with backbones. They 
are also the most varied. There are more 
different kinds of fishes than there are of 
all the other vertebrates combined. Each 
of the four principal groups into which 
the fishes are divided differs more from 
the other three groups than birds differ 
from reptiles or than reptiles differ from 
mammals. 


FISHES 


A piranha, one of the mc 
quickly attacks almost any 
home- the rivers of South Ar 


red of fishes. It 
that enters its 


FOUR GROUPS 


The Agnatha are tł 
of the four .major grou; 
name is derived from the 
“without,” and gnatho 


st primitive 
fishes. The 
k a, meaning 
ning “jaw.” 


As the name indicates fish have no 
jaws. The mouth is sim hole in the 
head and lacks the mc parts —the 
jaws—that we common ociate with 
a mouth. The group is a iown as the 
Cyclostomi. 

The agnaths are the liest of the 
fishes to appear in the fos cord, They 
existed in the Middle O! ian period, 
some 460,000,000 years and were 


Silurian and 
100,000 to 


most common during the 
Devonian periods, from 
345,000,000 years ago. 


The typical agnath at t time was 
a small, heavily armore reature. It 
moved clumsily along the idy bottom 
of the sea, where it was p d on by a 
variety of arthropods. The ar i] was quite 
different from the agnaths today — the 
lampreys and hagfishes. Th are slimy, 
elongated creatures that completely lack 
scales or armor. However, we classify 
them as Agnatha because they lac k jaws. r 

The Placodermi (“plate skins”) 


form the second group. They were common 
during the Devonian period, about 375, 
000,000 years ago. One kind of placoderm 
persisted until the Permian period, per- 
haps 230,000,000 years ago. The placo- 
derms, like the agnaths, had heavy armor. 
They possessed jaws and paired fins as 
well. Some of the placoderms were shark- 
like in appearance, while others were 
extremely grotesque. 

The Chondrichthyes (“cartilage fish- 
es”) are the third group. These are the 
sharks, rays, and chimaeras. The earliest 
fossils belonging to this group were dis- 
covered in Middle Devonian forma t 
going back some 375,000,000 years. O 
course, modern representatives of the 
Chondrichthyes are common today. Sharks 


FRESHWATER FISHES 


Pei 


a European minnow 


Sunfish 
Bleak 


Catfish 


FISHES 301 


302 


and their kin possess well-developed jaws. 
They have structures adapted for inter- 
nal fertilization. They have two sets of 
paired fins. Most important, though, their 
skeletons are basically of cartilage rather 
than true bone. 

In several respects, the sharks and 
their kin are less highly developed than the 
true fishes, which make up the fourth and 
largest group. Hence the members of this 
last group were supposed at one time 
to be derived from the Chondrichthyes. 
This relationship has not been borne out 
by more recent anatomical studies. Fur- 
thermore, true fishes appear as fossils 
as much as 25,000,000 years earlier than 
sharks. It would appear, therefore, that 
the Chondrichthyes are actually degen- 
erate, rather than primitive, forms. 

The Osteichthyes, or true bony fishes, 
are the fourth major group of fishes. 
(Osteon means “bone” in Greek.) The 
earliest known representatives date from 
the first part of the Devonian period, per- 
haps 400,000,000 years ago. 

Bony fishes have evolved into a be- 
wildering variety of forms. Hence it is 
not an easy task to name the particular 
features that distinguish them from the 
Agnatha, Placodermi, and Chondrichthyes. 
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1. True fishes have 
spect, they differ from the 

2. They differ from t! 
that the hyoid bone, one 
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3. Unlike the Chond: 
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ception, bone is virtual! 
tain deep-sea fishes and 
mature while very small.) 

4. Most true fishe 


(Gurnards, sculpinlike fish 


catfishes have very pr 
plating. Blennies and so 
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6. In true fishes, an 
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Right: a lacanth. Often called a “living fossil,” 


the coela h was long thought to be extinct, but 
in 1938 rst of several specimens was found in 
the wat the east coast of Africa. 

CLASS ATION 

I ue fishes are classified in two 
major ivisions: Choanichthyes and Ac- 
tinopt ii. In the Choanichthyes, the 
nostr rm an opening leading to the 
mout! feature that is also found in 
hum: ings and other air-breathing 
vertet The Choanichthyes form a 
very group. They include the famed 
coela which was supposed to be 
extin« r at least 75,000,000 years. 
Then 938, the first of a number of 
living imens was found off the eastern 
coast frica. Among the others in this 
grou; the lungfishes and the early 
part-f nd-part-amphibian ancestors of 
the fe ged, land-dwelling animals. 

l other major subdivision of true 
bony s, the Actinopterygii (“ray-finned 
fishes he nostrils are not connected 
with mouth cavity. This subdivision 
inclu he African bichir (genus Polyp- 
terus curious fish with lungs and a 
serie saillike finlets in a row along its 
back sturgeons, fresh-water gars, and 
bowfi we also numbered among the 
Actin ygii. So are the Teleostei, which 
are | ir the most numerous and most 
varie all living fishes. Some author- 
ities estimate that there are as many as 


40,000 different species of fishes. If this 
is so, at least 18,000 of them belong to the 
Teleostei 


BASIC BODY STRUCTURE 


Let us now consider the basic body 
structure of a teleost fish. As the fish must 
move through the water, it is a streamlined 
animal, broadest at the center and taper- 
ing at the front and back. The mouth opens 
at the front and is lined with several rows 
of teeth. The eyes are set in the side of 
of habitats and 

blindfish that 
North Ameri- 
sh.” It is able 
shlands with 


Fish are adapted to a wide variety 
life conditions. Right middie: a. 
inhabits dark underground streams In | 
ca. Right bottom: a type of “walking fi 
to breathe air and to “walk” on mar 
its powerful pectoral fins. 
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Most bony fishes and many cartilaginous fishes 
travel in groups known as schools. Here a school 
of young salmon 


the head, thus giving the fish wide lateral 
(side) vision; however, the two fields of 
vision overlap little, if at all. A pair of 
nostrils is located on each side of the head 
on the snout, or region in front of the eye. 

On each side of the body, behind the 
eye, is a bony opercle, or gill cover, forming 
a movable shield over the soft gills. Below 
each gill cover is a soft, membranous fold 
Supported by a series of bony stays. The 
two folds are sometimes connected by 
tissue extending across the bottom of the 
head. Because a fish has no neck, the head 
is arbitrarily considered to end at the hind 
edges of the gill covers. 

Two sets of paired fins —pectoral and 
ventral—are present. The Pectoral fins 
are usually set low on the sides of the body 
and behind the gill covers. The ventral, or 
pelvic, fins are generally behind the pec- 
toral fins and are on the ventral surface (the 
underside) of the body. 

The dorsal fin—there are sometimes 
two and, in a few fishes, three—is set on 
the dorsal surface (the upper side) of the 
body and usually near the middle of it. 
There is an anal fin behind the vent, the 
hind opening of the alimentary canal. Be- 
hind the anal fin, a relatively slender part 
of the body, called the caudal peduncle, 
Supports the caudal fin, or tail, of the fish. 
(Cauda means “tail” in Latin.) All the fins 
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are supported by bony illed rays, 
These are sometimes fle ind some- 
times stiff. 
LITTLE FISH AND BIG FI 

Fish bodies show range of 
size. They have what | indeter- 
minate growth. That is, | intinue to 


grow during their entire 
once a fish has reached 


However, 
n length, 


its rate of growth decre irly. Dif- 
ferent kinds of fishes eir slow- 
growth stage when they | ‘ined dif- 
ferent sizes. That is why e tarpon, 
say, is bigger than a trout 

There is some deba what is 
the smallest fish. By “sn we mean 
the smallest size at which sexually 
mature, Certainly one of niest is a 
minute goby from the Phil Pandaka 
pygmaea. It ranges in len 1 12 to 20 
millimeters when fully m he brain, 
heart, intestine, kidneys nd other 
Structures and organs are as eveloped 


in this fish as they are in lar ies. 
Pandaka is perhaps th test of all 


fishes and indeed of all ites. But 
another fish claims the disti of being 
the lightest. This is Sch an odd, 
almost transparent creature the cen- 
tral Pacific Ocean. It weigh ween two 
and eight milligrams. It has | estimated 
that more than 125,000 ese little 
fishes would be required to make up a 
Kilogram. Schindleria was « thought 
to be the immature form of another fish, 
the halfbeak. Closer study, however, 


showed this was not so. The small, larva- 
like Schindleria is sexually mature 

Going now to the other extreme, the 
acknowledged giant of all fishes is the mam- 
moth whale shark, Rhineodon typus. In- 
dividuals estimated to be as long as 18 
meters have been seen; 13¥2-meter speci- 
mens have actually been measured. The 
whale shark is a sluggish creature that 
feeds mainly on small forms of sea life. 
It would be entirely harmless to people 
except for its habit of lolling about on the 
Surface of the sea, where it has on several 
Occasions been rammed by the ships of 
unwary mariners. 
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Sardine 


Codfish 


GaN 


Mackerel 


Tuna 


Blue Shark 
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The sizes of most fis lie well be- 
tween the two extreme have just 


pointed out. The averag h is perhaps 
12 to 15 centimeters in leng 
DISTRIBUTION OF FISHE 

Fishes are among iost widely 
distributed of all animal he various 
factors that have influ this distri- 
bution, temperature is ely impor- 
tant. Many kinds of fis limited to 
tropical areas. These butterfly 
fishes, damselfishes, gc and the 
gaily colored specimens ! pet shops. 
Other kinds of fishes are ted to tem- 
perate areas, while stil! ire found 
only in polar regions. 

The distribution of es at different 
depths in the sea is due i o tempera- 
ture and food supply, | pressure 
also has something to < 1 it. Pres- 
sure increases by one at ere (about 
l kilogram per square cen for every 
10 meters of depth; it rar om about 
one atmosphere at the to nearly 
1,000 atmospheres at th test depths 
in the sea. 

The flying fishes are f l only very 
close to the surface—or e bove it at 
times, when they zoom up from the water 
in order to escape enemi: shes such 
as sardines and mackerels ne to the 
surface but can also thrive at depths down 
to and sometimes below 3 eters. Still 
others, including many lantern fishes, 
thrive in midwater at depths 150 meters 


or beyond and rarely if ever come to the 
Surface. Living at still greater depths 
are the bottom-dwelling rattails and bro- 
tulids, 

Currents play a significant role in the 
distribution of weak swimmers and the 
young of all kinds of fishes. Of great im- 


A young flatfish has two normally placed eyes: AS 
it becomes an adult, one eye migrates to lie near 
the other (top). Then the fish lies on its blind side 
on the sea bottom, varying its color to match its 
background (second photo). A lionfish (third 
Photo) defends itself more actively: it has sharp 
venom-containing spines with which it can ward 
off enemies. An angel shark (bottom) also blends 
in with its background, thus protecting itself from 
its enemies. 


portance are upwelling currents, which 
bring to the surface from the depths water 


that is iich in nutrient chemicals. These 
currents influence the growth of plankton, 
the tiny plants and animals upon which 
some fishes feed. Thus they affect the dis- 
tribution of the plankton-eating fishes, 
and also of course the fishes that devour 
the plani ʻon-eating varieties. 


Various chemical factors also control 


fish diviibution. Salinity (the degree of 
saltiness) is particularly important in this 
respe ertain kinds of fishes, including 
tunas rot fishes, eelpouts, and most 
sea be are restricted to salty oceanic 
waters ost of the minnows, catfishes, 
loache nd suckers are found only in 
fresh r. Other fishes spend part of 
their li in salt water and part in fresh 
water non, the common eel, and striped 
bass examples. Certain sharks, rays, 
sticklebacks, pipefish, and toothed carps 
can apparently move back and forth from 
salt to Srackish to fresh water at any time. 

[he biological environment of fishes — 
that is the animal and plant life that sur- 
rounds them—can also play an important 
part in modifying their distribution. Con- 


sider, for example, the case of lake trout 
eat Lakes. Not long ago, the spe- 
wished in this area. But when the 
rey entered the upper Great Lakes 
an preying on the trout, the latter 
ill but extinct in some of these 


becam 
waters 


HOW FISHES SWIM 


Certain kinds of fishes, including eels 
and other elongated varieties, swim by 
pushing themselves in undulating fashion 
through the water. This is a relatively in- 
efficient and slow type of locomotion. So 
much of the fish’s surface is doing the 
pushing that there is a considerable amount 
of friction. A good deal of energy 1S Te- 
quired to propel the fish. 

The swimming movements of the tuna 
are far more efficient. The tuna is a stream- 
lined fish with a stiff, crescent-shaped cau- 
dal fin, or tail. When the fish swims. the 
tail moves rapidly from side to side in the 
water, propelling the fish much as a boat is 


propelled by sculling. The streamlined body 
of the tuna is fairly rigid and some of the 
fins fit into grooves in the body when the 
fish swims, so that there is relatively little 
resistance. 

These are two extreme types of swim- 
ming movements. Most fishes do not em- 
ploy either type exclusively. They use their 
caudal fins in swimming, but the movement 
of the body pushing against the water also 
helps, though not to the same extent as in 
the eels. 

The caudal fin is not the only one in- 
volved in swimming. Other fins play an im- 
portant part in providing proper balance. 
In general, the pectoral fins of the rapidly 
swimming oceanic fishes are set almost 
horizontally on the body. Together with the 
vertical fins, they can act as stabilizers to 
prevent the fish from rolling as it moves 
rapidly through the water. 

In fishes that move more slowly, or at 
least those that do not swim for long 
distances in a straight line, the pectoral 
fins are set almost vertically. They can 
help the ventral fins by acting as brakes 
and can assist the fish in tricky maneu- 
vering. This is of particular advantage to 
types such as butterfly fishes and damsel- 
fishes. These live in rocky or coral areas, 
where it is necessary to chase prey around 
corners or to make abrupt turns in order 
to escape an enemy. 

In most fishes, swim bladders play a 
vital role in movement through the water. 
The swim bladder is essentially a bubble of 
gas inside the body of the fish. Because 
the gas is lighter than the water in which 
the fish swims, the bubble serves to buoy 
up the fish. Itacts asa flotation mechanism. 
It enables fishes to use energy to get from 
one place to another rather than simply to 
keep from sinking. As one might suspect, 
many of the fishes without swim bladders 
are either sedentary bottom-dwellers, 
such as the sculpins, or else they swim in 
short, frantic spurts, as is the case with 
many of the darters. 

Many fishes with swim bladders have 


evolved a very precise sort of mechanism 
for changing the amount of gas within the 


swim bladder. To understand the nature 
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of this mechanism, let us see what would 
happen if it did not exist. At 4 given depth 
below the surface of the water, the swim 
bladder would completely support the 
weight of the fish in the water. If the fish 
moved toward the surface, there would be 
less pressure on the bladder as the water 
pressure decreased, and the size of the 
bladder would tend to increase. The buoy- 
ancy would be greater than the weight of 
the fish’s body, so that the fish would have 
to keep swimming downward in order to 
avoid being carried up to the surface. 

On the other hand, if the fish went 
down deeper in the water, the increas- 
ing water pressure would cause the blad- 
der to decrease in size. The weight of the 
fish would exceed the buoyancy of the 
gas in the bladder. Hence the fish would 
tend to sink. It would have to use energy 
in swimming upwards, or else it would 
finally find itself on the bottom. 

The gas-regulating mechanism pre- 
vents these undesirable effects. The swim 
bladder is divided into two chambers, each 
with a specialized area. One of these areas 
Secretes gas into the swim bladder when 
the fish goes down. The other absorbs gas 
out of the bladder when the fish comes up. 
Thus the gas bubble maintains a constant 
volume and the fish is able to remain in 
a state of neutral buoyancy. In other 
words, it weighs nothing in the water, 

Swimming and the presence of a gas 
bubble are the main factors that keep a 
fish afloat. Other, less important factors 
are also involved. The fats and oils con- 


tained in fishes are lighter 1! 
they play a part in maintaining 
ancy in some cases. 


water, and 
fish’s buoy- 


The swim bladders of certain deep- 
sea fishes are modified fat-storage 
organs. Fat, of course, is not compressible, 


and so the volume of the bladder does not 


change when the fish swims from one depth 
to another. Many fish eggs contain drop- 
lets of oil that help to keep the eggs from 
sinking. 

Certain fish larvae have long, fine 
spines, or trailing streamer complex 
outgrowths of one sort or another. Some 
biologists feel that these odd a; pendages 
help to maintain buoyancy |! greatly in- 
creasing the surface of the fish in propor- 
tion to its volume. 

In some species that spend their lives 
in midwater, between the si e and the 
bottom, the reduction in the amount of 
calcium in the bones is a f in main- 
taining buoyancy. These fishes are flabby 
and limp; relatively light cartilage re- 
places heavy calcium salts ı consid- 
erable extent. 

SOME FISHES WALK 

Swimming is not the only type of fish 
locomotion. Some of the more bizarre 
species of bottom-dwelling fishes walk 
along the bottom of the sea and may 


have completely lost the ability to swim. 
Among the walking fishes are certain 
sculpins and also the batfishes, gurnards, 
and deep-sea lizard fishes. 

The lizard fish is perhaps the most 


External anatomy of a typical bony fish 
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spectacular of all the walkers. This spe- 
cies has long been known from preserved 
specimens and ichthyologists (specialists 
in the study of fishes) have called atten- 
tion to the excessively long, stiffened 
rays in the ventral and caudal fins. For 
many years, the experts were unable to 


tell what purpose, if any, these rays served. 
The my -ry was cleared up when observ- 
ers in a »athyscaphe spotted living fishes 
of this type on the ocean bottom. It was 
evident ‘hat the lizard fishes used the long 
rays—one in each ventral fin and one at 
the bottom of the caudal fin—for a tripod 
suppor \us the fishes were held up over 
the oovy mud at the bottom. Furthermore, 
the ot ers were able to watch these 
stilt-lege «1 creatures move on their curious 
append: They hopped about like huge 
crickets 

A few fishes are able to travel on land. 
The besi-known example is the common 
eel, which is known to move overland 
in snaky fashion for distances of sever- 
al kilo ‘rs, generally on cool, dewy 
nights when little water is lost from their 
bodies. Other land-going fishes include 
the so-called climbing perch (which does 
not reaily climb), the mudskipper of the 
South Pacific, and the snakeheads of Asia. 
These fishes walk as the result of various 
combinations of movements by the tail, 
paired fins, body, and gill covers. The 
great majority of fishes, however, spend 


their entire lives in the water. 
RESPIRATION AND CIRCULATION 


Fishes require oxygen just as much as 
land-dwelling vertebrates do. The struc- 
tures through which a fish draws oxygen 
from its watery surroundings are called 
gills. They consist of a series of filaments 
containing many capillaries, or thin-walled 
blood vessels. The filaments are located 
on bony supports called gill arches and are 
protected, as we have seen, by bony plates — 
the gill covers. The name “gill chamber” 
is given to the space taken up by the gill 
filaments and arches beneath the gill cover. 

__ In most fishes, when the mouth opens 
wide, water is sucked into it and then passes 
to the gill chamber. At the same time, the 


Highly simplified diagram of the breathing appara- 
tus found in most fishes, as seen from above. 
When the mouth opens, water is sucked into it and 
passes to the gill chamber. At the same time the 
gill covers swing in to the side of the head, sealing 
the hind openings of the chamber. When the mouth 
is full of water, it closes, and the gill covers swing 
out. This opens the rear of the gill chamber and 
water passes out of it. In the meantime, as the water 
has bathed the gill filaments, an exchange has 
taken place. The oxygen present in the water has 
diffused into the capillaries of the gill filaments; 
the waste product carbon dioxide has diffused out 
of the capillaries and has become dissolved in the 
water that will soon pass out of the chamber. 


gill cover is pulled in to the side of the 
head, thus sealing the hind opening of the 
gill chamber. When the mouth is filled with 
water, it closes, and the gill cover swings 
out. This opens the rear of the gill cham- 
ber, allowing water to pass out of it. This 
cycle is continuously repeated. 

When the water enters the gill cham- 
ber, it bathes the gill filaments. An ex- 
change now takes place. The blood in the 
thin-walled capillaries of the filaments 
has just been transported here from other 
parts of the body. It is very poor in oxygen 
but rich in carbon dioxide, a respiratory 
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DIGESTIVE ORGANS 


waste product that must be disposed of. 


POSTERIOR CARDINAL VEIN 


ANTERIOR CARDINAL VEIN 


TRAL AC 
HEART vn 
Circulatory system of a fish. Impure, or deoxygenated, blood tedin Wa 
flows from various Parts of the body through the veins into tt Fromt nl 
it is pumped to the gills, passing through the ventral aort averal other 
arteries. In the gills, the blood receives a fresh oxygen sup; om the water 
Passing through the gill filaments. A large vessel—the dorsal (or valet 
receives the oxygenated blood, indicated in gray. From th àl artery a 
blood passes through arteries in the head, trunk, and tail to arious pal s 
of the body. Moving through the capillary network, the bloc s up one 
to the body cells and takes on the waste product carbon dioxi: en it passe: 
through the veins back to the heart. 

Although all fishes with lun lso_have 

gills, some are so dependent on their lungs 


Oxygen diffuses into the capillaries and is 
quickly taken up by the chemical sub- 
Stance hemoglobin, contained in the red 
blood cells. At the Same time, carbon 
dioxide diffuses out of the capillaries and 
is dissolved in the water, which soon passes 
out of the fish. 

Not all fishes have a breathing ap- 
paratus exactly like that which we have 
just described. Certain types dwelling in 
Stagnant waters and some of the over- 
land travelers have accessory respiratory 
Organs near the gills. These organs con- 
sist of pouches that are rich in blood ves- 
sels. They increase the surface area through 
which the exchange of gases can take place. 

Still other fishes, including the com- 
mon eel and the mudskipper, are able to 
take in oxygen through their moist Skins. 
The most remarkable respiratory organs, 
perhaps, are those of the lungfishes and 
a few other types. These fishes have not 
only gills but functional lungs as well, 
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that they will drown if held under water. 

As one might expect, fis! es have a 
pattern of blood circulation considerably 
different from that of true land vertebrates 
with lungs. In the latter, the heart is a four- 
chambered structure. The fish heart has 
only two chambers. One of these collects 
the oxygen-poor blood coming in from the 
hind part of the body. The other pumps 
the blood forward, still unoxygenated, to 
the head and gills. Here the blood picks up 
oxygen and then circulates back into the 
body. The air-breathing fishes with lungs 
have a rather complex blood circulation 
that combines various features of lung- 
breathers and gill-breathers. 


FISH SENSES 


Fishes depend on some of the same 
Senses as land animals to give them infor- 
mation about their surroundings. Most 
fishes have a well-developed sense O 


HUM EYE 
Ẹ 

These t grams show how a human eye and a 
fish ey ommodate for far and near vision. 
In the | ye, the curvature of the lens surface 
varies | the proper focus. Fish cannot do 
this; h ) order to accommodate for distant 
objects ns is pulled back by muscles located 
within t The process is exaggerated here. 
smel! have all heard of the frenzy 


that sc sharks may show when they 


scent n relatively small amounts of 
blood. An acute sense of smell is also dis- 
played by the salmon that return, in order 
to spawn, to the freshwater streams where 
they w born. Recent researches have 


shown that the salmon can actually smell 
their way back to these streams. 

The sense of taste is closely associ- 
ated with that of smell and is especially 
well developed in certain fishes. Carp, 
sturgeon, cod, and mullet, all bottom feed- 
ers, have taste receptors, or organs re- 
ceiving stimuli, not only in the mouth but 
also on the lips and other areas. Some cat- 
fishes are particularly well supplied with 
taste organs, being almost entirely Cov- 
ered with them. 

_, Most fishes have well-developed 
vision. Their eyes are especially modi- 


LATERAL-LINE CANAL OPENING TO EXTERIOR 


NERVES 


SENSE ORGAN 


The lateral-line sensory system of fishes, gener- 
ally running along the side of the body and on the 
head, has no counterpart in land-dwelling animals. 
A lateral-line canal under the surface of the skin 
is connected to the exterior by a series of openings. 
Along the canal are a series of sense organs con- 
nected to nerves; these organs pick up certain 
waves passing through the water — perhaps pres- 
sure waves and sound waves. The system may help 
the fish to swim, to discern its depth, and to hear. 


fied for sight under water. Few fishes have 
much in the way of binocular vision —that 
is, the ability to combine the images per- 
ceived through each eye. Hence, they do 
not have very good depth perception. How- 
ever, they have the advantage of a very 
wide field of vision. 

Fish dwelling far below the surface 
have very little light, since light is quickly 
filtered out in water. Their eyes have been 
modified accordingly. As one tows col- 
lecting nets deeper and deeper in the ocean, 
one catches fishes with larger and larger 
eyes. The culmination is reached in the 
tubular eyes of certain fishes. Among 
them, the lens is a round ball perched atop 
a cylinder that is lined on the inside with 
light-sensitive retinal tissue. This type of 
eye is probably very efficient in discerning 
quite small amounts of light. However, it 
is very poor at focusing or forming images. 
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In the mid-depths, one also encounters 
groups of fishes whose eyes become smaller 
and smaller as we probe deeper into the 
ocean. In fact, numerous deep-sea fishes 
have very degenerate eyes or no eyes at 
all. Certain cave-dwelling types have also 
lost their eyes. 

The fishes have a sensory system that 
is not possessed by land-dwelling ani- 
mals. This is the lateral line system, which 
usually runs along the side of the body and 
on the head. It consists of a series of small 
pores or specialized receptors, which are 
connected to underlying nerves. It is be- 
lieved that the lateral line system picks up 
certain kinds of waves that travel through 
the water—perhaps pressure waves and 
sound waves. Thus the System may help 
the fish to swim, discern depth, and hear. 

There seems to be no doubt that some 
kinds of fish can hear, for they react to 
sounds. Some fishes even produce sounds, 
which are not accidental but are made de- 
liberately and serve a definite purpose. 
The swim bladder is by far the commonest 


K. Davidson/pR 


type of noise-producin ‘tus. In many 
species of catfishes, t rfishes, puffers, 
gurnards, drums, and c kers, among 
others, a strong muscle igament js 
attached to the flexible Drane of the 
swim bladder, and the ; ne can be 
made to vibrate, This es a star- 
tling variety of croaks. ins, grunts, 
and drumming noises. Se the carps 
and catfishes make noise pelling gas 
from the swim bladder th; the mouth 
or anus. Certain fishes pr sounds by 
rubbing various bones of t} y together, 
the rubbing areas varyir \ different 
species. Certain triggerfish b together 
the bases of the dorsal sı id the sup- 
porting bones. Other fish ash” their 
teeth. 

FISH LIGHT AND ELECTR! 

Many ocean fishes p e light-a 
phenomenon called biolumi nce. This 
has been observed not on fishes but 
in a great many other ar (sponges, 
jellyfish, beetles, flies, and earthworms, 
among others) and in certai ints (bac- 
teria and fungi). 

Some fishes have specialized organs 
that generate electricity. Among these 
types are gymnotid eels, th ctric cat- 
fish, electric rays, some mormyrids, and 
some stargazers. The electric harges are 
apparently used for stunning | rey and for 
defense against enemies. Gymnotid eels 
of the genus Electrophorus can produce 
charges of over 500 volts. In a popular 


exhibit in the New York City Aquarium, 
the current produced by these fishes causes 
light bulbs to glow. 


FOOD HABITS 


The food habits of fishes are extremely 
varied. Lampreys attach themselves to 
fishes and rasp off pieces of flesh with the 
muscular, toothed area around the mouth. 
Hagfishes may bore right into the bodies 
of their victims and leave nothing but 
skin and bones. Some sharks are voracious 
creatures that devour other fishes. How- 
ever, the largest sharks, including the whale 
Shark, and the largest ray, Manta biro- 
Stris, feed on plankton. 


H. E. Edgerton, Audubon/PR 


fish's pectoral fins are enlarged and held rigid against air cur- 


the fish to glide through the air. 


fishes are generally pro- 
all conical teeth to grasp 
n number eat vegetation or 
> herringlike fishes of the family 
dae feed on plankton; their teeth are 
usually poorly developed. Other bony 
fishes, including the pike and the barracuda, 
devour other fishes greedily; many of their 
teeth are large and sharp. Sea breams, 
Which feed on mollu have large, crush- 
ing teeth deep in their throats. Parrot fishes 
browse on coral. Their beaklike jaws are 
extremely powerful. 
In the alimentary tract, food passes 


s The bony 
vided I 
food. 


from the mouth by way of the pharynx and 
esophagus into the stomach, an organ that 
is not well defined in some fishes. From the 
stomach, food enters the intestine. Fishes 
eating plants or mud usually have larger 
intestines than flesh eaters. 


HOW FISHES REPRODUCE 


There are various reproduction pat- 
terns in fishes. Perhaps the simplest one 
is displayed by schooling fishes such as 
sardines and mackerels. The males and 
females swim together in schools, and 
eggs and sperm are released at the same 
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time. The school then swims on, and the 
union of these sex products is left to 
chance. Such fishes produce relatively 
great quantities of eggs and sperm. À 

Certain fishes build nests for their 
eggs. Salmon and trout prepare pits in 
beds of loose gravel. The female then sheds 
her eggs into the pit, and her attendant 


male (there may be more than one) releases 
sperm into it. The nest, or redd, as it is 
called, is buried with gravel. The parents 
leave the nest. 

Other fishes, including midshipmen, 


sticklebacks, black bass, and sunfish, 
build nests and then guard them while the 
young are hatching. Cardinal fishes of 
some species are known to brood eggs in 
their mouths; many of the nichlids also 
brood their young in this fashion. The 
males of the pipefishes and sea horses pos- 
sess a special pouch in which they carry 
the fertilized eggs until they hatch out. 

An advanced type of reproduction is 
internal fertilization, which is practiced 
by numerous kinds of fishes, Perhaps the 
best-known are the live-bearing members 
of the order Microcyprini, a group that in- 
cludes the guppies and swordtails. In these 
fishes, the anterior rays of the anal fin in 
the male are modified into an organ that 
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aids in the transfer of sy o the female, 
Sharks, rays, and chim lso practice 
internal fertilization. Ir fishes, the 
pelvic fins of the male the sperm 
from the male to the fen ating. 

In most fishes ti juce living 
young, the fertilized velops and 
hatches within the fem: dy, but the 
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jourishment 
egg itself. 
few other 


embryo receives little or n 
from any source other than 
In some sharks and perha; A 4 
fishes producing living yo food is 
actually transferred from the blood stream 
of the mother to that of the embryo. 


RELATIONSHIP TO HUMANS 


On the whole, fish are beneficial to 
mankind. They are, of course, of oe 
Standing value to people as food. The ee 
important of the food fishes are ead 
of the families Clupeidae (herrings, pes 
dines), Engraulidae (anchovies), Salmoni- 
dae (salmon, trout, and whitefish), Gi 
didae (cod, haddock, hake), Scombridae 
(tuna and mackerel), and Heterosoma 
(flatfishes). The commercial fishes ya 
in greatest quantity—the menhaden of t 
Middle Atlantic and Gulf of Mexico e 
the anchovetta of Peru—are not eaten bu 
are made into fertilizer. 


Fish vary in their reproductive habits. Some, such 
as the tilapia ( osite page) brood their eggs in 
their mouths. Others, like trout, simply lay large 
numbers of € n the water (below). Still others— 
rays, for exam -give birth to live young (upper 
f males take an active part. In 

k ddle right), the male prepares 

a nest for th jgs, and in the sea horse (lower 
right), the m rries the young in a pouch on his 


abdomen 
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Game fi . such as trout, bass, 
pike, marlin, and swordfish, furnish rec- 
reation for a deep-sea fisherman or 
freshwater ler. Other fishes make in- 
teresting pe home aquaria. 

Certain fishes must be reckoned as 
enemies of mankind. People-eating sharks 
take a yearly toll of swimmers. The vora- 
cious pirani found in South American 
waters, have been known to attack hu- 
mans, particularly if attracted by blood. 
Swimmers must be wary of the spines of 
fishes such as sting rays, stonefishes, lion- 
fishes, and certain catfishes. 

When various species of tropical fishes 
are eaten in certain seasons or places, 
they are poisonous. Included in this group 
are barracudas, wrasses, parrot fishes, 
and some sea basses. Apparently certain 
kinds of puffers, or blowfish, are always 
poisonous. 
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profile of the 


SHARKS 
AND THEIR KIN 


To swimmers and bathers on the sea- 
shores of the world, there is nothing more 
terrible than the sight of a large triangular 
fin plowing the water’s surface in their 
direction, Today, as no doubt for centuries 
past, the sight of a shark usually causes a 
panic. 

Some sharks, of Course, are very dan- 


The danger from sharks is probably 
exaggerated. Each year more people are 
killed by lightning than by sharks, And of 
the roughly 250 Species of sharks, only 12 
are people eaters. The rest are harmless. 


CARTILAGINOUS FISH 
The sharks and their kin —skates, rays, 
and the strange fish known as chimaeras — 


are called cartilaginous fishes. Their skele- 
tons have no bone. They are made up en- 
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ne is a blue 
»-ocean fish. 
Tom McHugh/P® 
tirely of cartilage. These fis! nake up the 
class Chondrichthyes, or fish with cartilagi- 
nous skeletons. : : 
The typical shark is a long-bodied fis 

with a flattened head that slopes to a point- 


ed snout. Skates and rays have wide, flat 
bodies with long needlelike tails. All have 
the same basic Structure. 


The cartilaginous fishes are among 
Most numerous and important hunters 0 
the sea, They are aggressive and, for the 
most part, swift swimmers. They feed upon 


bony fishes, shrimps, crabs, and mollusks 
such as clams and small squids. A few eat 
marine plants and many act as scavengers 
and eat carrion. 

Though a few can live in fresh water, 
Sharks and their relatives are almost Pe 
clusively Ocean-dwellers. The reason for 
this is probably that, unlike most boy 
fish (Osteichthyes), which evolved i 
Tesh water and then moved to the set 
sharks appear to have developed directly 
from earlier salt-water forms. 


EVOLUTI¢ 

The s began their evolution over 
300,000 years ago. It is believed that 
their an s were very primitive jawed 
fish that overed with a shield of bony 


armor. T arks developed into a distinct 


type of losing this heavy armor on 
the outs ieir internal skeletons did not 
develop vone but remained composed 
of cartil 1e sharks became swift hunt- 
ers. By on attack rather than on de- 
fense fi r survival, they made up for 
the loss outer bony shields. 


In lution of a group of animals, 


many < body structures, such as 
teeth, any of their habits will depend 
upon th of food available to them. In 
the sea 00,000,000 years ago there 
were m inds of marine animals upon 
which s could prey. As time went 
on, diffe pes of sharks would eat only 
certain of marine animals. 

Th h of one group were arranged 
as cru lates for eating mollusks and 
other | ielled invertebrates. The chi- 
maeras nded from this group. Anoth- 
er group arly sharks probably fed on the 
more ; fishes, for these sharks de- 
velopes very rapid swimmers and had 
sharp ed teeth. From this group 


evolve er type of shark that had point- 


ed, fa teeth in front and rounded, 
crushi eth in the rear part of the jaws. 
These s could live on a variety of sea 
anima! | so survived at a time when the 
shark otherwise almost disappeared. 
An interesting descendant of this type of 
Shark is the Port Jackson shark, found now 
in Australian waters. Besides having the 


two kinds of teeth, the Port Jackson shark 
is unusual because of the position of its 
mouth. It is placed at the front end of the 
head, or terminally, instead of under the 
head as with most other sharks. 

About 150,000,000 years ago the 
Sharks increased in number and kinds as 
did the number of bony fishes on which 
they undoubtedly fed. In time they di- 
Verged into the groups that we now know as 
the modern sharks and the skates and rays. 
The true sharks developed teeth that were 


Strong, pointed, and sharp. The teeth of the 
skates and rays remained flattened and spe- 
cialized for eating mollusks and crusta- 
ceans. 


SHARKS 


Sharks are perhaps the most spectacu- 
lar of the ocean’s fishes because of the great 
size attained by some and the ferocity 
shown by others. They have well-de- 
veloped brains, and their acute senses of 


In some sharks and in skates, the eggs are en- 
closed in a protective case known as a ‘‘mermaid’s 
purse.” The opaque layers have been peeled away 
on this one, revealing the yolk and embryo. 
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smell and sight give them a great advantage 
in seeking out their prey. Most of them are 
solitary hunters. Some, like thresher sharks 
and dogfishes, hunt in packs. 

A shark cannot float. It does not have a 
swim bladder, as does a bony fish, and must 
constantly move. It swims even when it 
sleeps. There is another reason why it 
mustalways be in motion: to obtain oxygen. 


A dogfish and a companion remora. The remora is attache 
means of a sucking pad. It feeds on the shark's leftovers and 


from the shark's skin 


This threatening set of teett 38 to a sand 
shark. Despite the menacin and sharks 
do not often offer a threat rs. They are 
common in coastal waters 


On each side of the s} 
of the head, lie openings t 
side of its mouth. The 
openings, or gill clefts 


ody, back 
! to the in- 
called gill 
the shark 


“breathes in,” water is in at the 
mouth. When it “exhale is forced 
out of the gill clefts. As er passes 
out it bathes the gills ‘tract the 
oxygen held in it. Most sł ve five gill 
openings on each side. Tt shark has 
six, and other members group to 


which it belongs have sev ngs. 

A typical shark has | toral fins, 
These are the first fins the head. 
They come straight out f ides, like 
airplane wings. On its bac k usually 


has two triangular dorsa ated one 
behind the other. Near the its belly, 
it has a pair of pelvic fin s a small 
fin, called the anal fin, o ider side 
near the anal opening. T! usually 


two-lobed. The upper lob« lly larger 


than the lower one. 


REPRODUCTION 
The male sharks —and nale rays 
and chimaeras, too —have llike struc- 


dogfish by 
s parasites 
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ture on the inner edge of each pelvic fin. 
These unusual structures, which extend 


back beyond the pelvic fins, are called 
claspers. They aid the male in fertilizing 
the eges within the female. The females 
produce à few eggs having a great amount 
of yolk 

When the fertilized eggs are laid they 
are protected by a horny egg case in which 
the yours develop. This case is usually rec- 
tangul: hape. At each corner there are 
tendrils, which catch on to sea plants and 
serve a hors. This egg case is the “mer- 
maid's se” that one finds on ocean 
beaches 

In many sharks, such as great whites, 
hammerheads, and spiny dogfishes, and in 
some © rays, development of the eggs 
takes p! within the body of the female. 
In thes tances the young are born alive, 
well de ped, and capable of fending for 
themse 
TEETH J) SKIN 

In dern sharks the teeth grow in 
several s. If a shark loses a tooth, anew 
tooth fr the row in back simply moves 
into the place of the missing one. 


A liarity of sharks is that some- 


thing lik- tiny teeth covers their bodies. 
Their skin is covered with toothlike scales 
called les. Each skin denticle has a 
This spotted hide belongs to the leopard shark. The 
leopard k is a smaller member of the shark 
family 
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central pulp cavity. Around the edge of this 
cavity lies a layer of cells that secrete a 
material known as dentine. The outside of 
the dentine is capped by a layer of enamel, 
which is produced by cells of the skin. 

The skin is extremely rough and abra- 
sive. At one time, cabinetmakers used it for 
sandpaper. If a shark brushes against a 
human swimmer, it will most likely take 
quite a bit of the swimmer’s skin with it. 


FEEDING HABITS 


Most sharks are utterly ravenous when 
hungry. They will eat anything. They bite 
and swallow. Everything except the pro- 
verbial kitchen sink, it seems, has been 
found in their stomachs. Scientists have 
found parts of a horse, the skull of a cow, 
feathers, a dog’s bones, some cans, a rain- 
coat, a rubber tire, a small keg of nails, part 
of a boat, and an automobile license plate in 
the stomachs of sharks. 

Almost no digestion takes place in a 
shark’s stomach. It is used primarily as a 
storage bin. Food is digested in the intes- 
tine, which contains a spiral valve. This 
valve looks like the bit in a carpenter’s 
brace-and-bit. Food particles are digested 
as they pass through the spiral. 

The mouth of a shark lies on the under 
side of its head. Because of this, the shark 
often attacks its food source from under- 


A bull, or Zambezi, shark grabs a smaller shark 
during a feeding frenzy. During a frenzy, sharks 
often attack fellow sharks in their desire to feed. 
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The great white shark. This fish is greatly feared 
and has a reputation as a man-eater. This shark can 
reach 9 meters in length and weigh 3 metric tons. 


neath. This gives it a better “angle of at- 
tack.” 

Sharks find their food by means of an 
almost unbelievably sharp sense of smell. 
They can detect even a very tiny trace of 
blood in the water. The scent of blood 
sometimes seems to have a maddening 
effect on sharks. As they eat, they may 
become more and more excited. They may 
then attack one of the other sharks and eat 
it. Scientists call this behavior a “feeding 
frenzy.” 

Sharks are able to detect bleeding 
sources even when the blood is moving 
away from them. In these cases, the sharks 
cannot smell the blood. Instead, they pick 
up the vibrations of the bleeding source. 

Sharks are especially sensitive to low- 
frequency vibrations. They can detect a 
moving or thrashing source by means of 
their lateral-line senses. The lateral line is a 
series of small pores that lie on a line run- 


ning along each side of the shark’s body 
and head. 


ATTACKS ON HUMANS 


Each year about 50 people around the 
world are attacked by sharks, Half of these 
people die. The other half are likely to be 
missing an arm ora leg after the encounter. 

Most shark attacks on humans occur 
off the coasts of Australia. Among shark 
victims, men outnumber women almost 
10 to 1. 

No one knows what causes some spe- 
cies of sharks to attack humans. These 
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Other representatives of the shark family. Tops i 
Port Jackson shark. Middle: the nurse shark, suall 
inhabitant of tropical waters. Bottom: the unus tists 
shaped head of the hammerhead shark. Soe 
Still do not understand why the fish has this stra 
form. 


sharks, furthermore, do not always attack. 


Sharks are always attracted by blood; 
bright objects and metal also fascinate 
them. A shark is almost certain to attack if 
provoked —a right hook to the snout may 
cost the swimmer an arm. 

A swimmer thrashing or splashing in 
the wate r swimming unevenly, will at- 
tract a shark. The shark will pick up the 
vibration d may attack. 


Befi attacking, sharks will some- 


times ci their prey, going around in 
smaller smaller circles. No one 
knows w 

The ; no known way to prevent 
shark a s. So-called shark repellants 
have be most totally ineffective. 


Mo ark attacks occur in daylight 


and in shallow water—as shallow as one 
meter— within 90 meters of shore. Sharks 
usually le one person out to attack. Ifa 
companion tries to help the victim, the 
shark almost always ignores the rescuer. 


Shar ientists at The American In- 


stitute o logical Sciences in Washing- 
ton, D.¢ vy that if a shark is seen the 
swimme uld get out of the water. This 
should be done quickly but smoothly —no 
splashing or commotion. The scientists also 
advise ing out of waters known to be 
shark ha Swimmers, they say, should 
not enter the water alone or if they have an 
open wo 

THE BES NOWN SHARKS 


We describe below 14 of the best- 
known sharks, including the dogfishes. 
The nurse shark of the waters off Flori- 


da and the West Indies is a sluggish fish 
growing up to three meters in length. It can 
be recognized by the pair of small pro- 


cesses, called barbels, that grow one at 
each side of the mouth. It is content to feed 
on crabs, shrimps, and squids, and it may 
serve as a scavenger. Around Florida, 
these sharks come into shallow water close 
to shore. Sometimes adventuresome swim- 
mers climb onto the backs of these harm- 
less creatures and have a spirited ride. 

One of the terrors of the sea is the tiger 
shark, which is from 442 to 9 meters in 
length. It is a heavy, blunt-headed species 
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Sawfish ray. An unusual form with a snout in the 
shape of a double saw. It closely resembles the 
sawfish shark, but it has gills on its underside. 


found in tropical seas. However, an occa- 
sional straggler will wander into temperate 
waters. The tiger shark is a voracious fish 
and will eat carrion as well as almost any 
kind of sea animal, including other sharks. 

The upper part of the blue shark's 
body is colored a deep rich blue. This fish is 
about four meters in length. Its tapering 
body terminates in a long, pointed snout. 
Blue sharks generally are to be found in 
tropical seas, but some may swim as far 
north as Nova Scotia and England, 

The sand shark is a common inhabitant 
of Atlantic waters. Its brown skin is marked 
with blotches. It feeds on the small fish, 
squids, and crustaceans in coastal waters. 
Sand sharks, which are not considered 
to be dangerous to people most of the time, 
may grow to a length of three meters. 

The mackerel shark hunts mackerel 
and herring far out at sea in both the Atlan- 
tic and Pacific oceans. It is a powerful 
swimmer and is surpassed in speed perhaps 
only by the mackerel itself. This shark has 
a symmetrical, crescent-shaped tail and 
may attain a length of about four meters. 

The dreaded great white shark, or 
man-eater, is related to the mackerel shark. 
It is probably the most feared of all marine 
creatures. It is a powerful and voracious 
hunter of tropical seas, feeding on large fish 
and sea turtles. It is also dangerous to bath- 
ers. It grows to lengths over nine meters 
and weighs over three tons. One great 
white shark that was caught was 6/2 meters 
long and weighed 3,220 kilograms. 
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The great white shark has been seen 
often in the cool waters off the coast of Cal- 
ifornia, and is believed to be responsible for 
most of the shark attacks there. The great 
white has also been seen off the east coast 
of North America as far north as Nova 
Scotia. In Australia, it is known as the 
White Death. 

The basking shark grows to be from 12 
to 14 meters in length. This fish is absolute- 
ly harmless to people. It has a large mouth 
filled with very tiny teeth. The gill clefts are 
long, and inside the mouth these clefts are 
screened by long and slender devices called 
gill rakers. The basking shark nourishes its 
huge body by eating millions of plankton 
organisms. Plankton is composed of a float- 
ing population of diatoms and algae, proto- 
Zoa, copepods, and the eggs and immature 
forms of fish, sea urchins, starfish, shrimps, 
crabs, and sea worms. These tiny creatures 
are sucked into the shark’s mouth as it 
draws in water. When it expels the water 
through the gill clefts, the gill rakers strain 
out the organisms, which pass on down the 
shark’s gullet. The basking shark likes to 
float on the surface of northern waters. 

The largest living shark, as far as we 
know, is the whale shark, which may reach 
a length of more than 13 meters and weigh 


The torpedo ray. This ray has some extra protec- 
tion—its dorsal side is dotted with electric organs. 
These fish can deliver 1,600 watts of power in one 
discharge. 


B. Boch from B. Coleman 


SHARKS AND THEIR KIN 


several tons. This shark h 
mouth, small eyes, and 
pointed teeth. Its diet is 
the basking shark. Its d 
are marked by a pattern 
bined with crossing lines 
this huge creature’s hal 
they are similar to tho 
shark. Like the basking 
shark is harmless to man 
The thresher shark 
six meters in length, ha 
slender tail that account: 
the fish’s length, It is a te 
erel, herring, pilchards 
teen mackerel and two 
found in the stomach of a 
The name “thresher 
fact that the shark beats 
long tail as it circles the 
which it intends to prey 


then draw together in a c 


the shark, darting into 
field day. 


The roundel skate, Raja texa 


eyelike spot on each of its t 


Roundel eggs are being studie 


large terminal 
emely small, 
ar to that of 
ick and sides 
1t Spots com- 
> is known of 
ut probably 

the basking 


rk, the whale 


ranges up to 
ry long and 
ore than half 
ye to mack- 
rats. Nine- 
were once 
specimen. 
»s from the 
ter with its 
f fish upon 
shtened fish 
t mass, and 
idst, has a 


1 distinctive 
ectoral fins. 
logists. 


qvorivm 


The kammerhead shark is an odd- 
looking creature. On each side of its head 
there is a long projection bearing an eye. As 


a result, the front part of the head resem- 
bles the hummer part from which the fish 
derives its name. The hammerhead, which 
reaches a length of some 47/2 meters, occurs 
in almost tropical and subtropical wa- 
ters, abounding particularly in the Indian 
Ocean. |! also found along the coasts of 
Europe and off the shores of North Ameri- 
caas far h as Massachusetts and south- 


ern Califo nia. The hammerhead is a fero- 


cious fis! i is among the most feared of 
the shar! 

The enland, or Arctic, shark is a 
relentle my of the heavy-bodied right 
whale. shark rips off the flesh of this 
huge mammal and so devours the animal 


practically alive. The Greenland shark is 


not part rly large as sharks go, ranging 
from 3 | > meters in length. It is found 
not only the waters off Greenland but 
also as ! \uth as France and as far west 
as Cape |. It has also occasionally been 
recorded in San Francisco Bay and around 
Macquarie Island in the South Pacific 
Ocean noi far from Antarctica. 


The bull shark is known in several 


areas of the world, but by different names. 
In South Africa it is called the Zambezi 
shark. In Australia it is called the whaler 
shark. in Central America it is called the 
Lake Nicaragua shark, for that is where it 


lives. It is, in fact, the only shark that lives 
in fresh water as well as in the oceans. 

The bull shark is a slow-moving fish, 
but puts on sudden spurts of speed to at- 
tack. It is very aggressive and will attack 
larger fish as well as boats. From the ocean 
it will travel as much as 160 kilometers up a 
river. It is gray on top, white on bottom, 
and grows to a length of about three meters. 

To fishermen the prize of them all is 
the mako shark, for it puts up a spectacular 
fight before it is landed. It grows toa length 
of four meters and weighs up to 600 kilo- 
grams. 

The mako is blue on top, white under- 
neath, It is an extremely strong and fast 
fish. It feeds on mackerel, herring, and even 
Swordfish. 


The dogfishes are among the smallest 
of the sharks, but what they lack in size 
they make up for in numbers. They are of- 
ten found in large packs, which are the de- 
spair of deep-sea fishermen. Dogfishes take 
bait off fishing lines and sometimes make 
off with the hooks; they tear fishing nets; 
they devour large numbers of herring and 
mackerel and other valuable food fishes. 
However, these greedy little sharks have 
proved useful to people in several ways. 
Some people find their flesh palatable; and 
the oil extracted from the liver of these 
fishes is a valuable source of vitamins. 

The smooth dogfish is found on both 
sides of the North Atlantic. On the Ameri- 
can side it is particularly abundant south of 
Cape Cod. The skin of this fish is extremely 
rough. When dried it is used for polishing 
wood and other substances. The spiny dog- 
fish is found in especially large numbers off 
the coast of New England. This fish may be 
easily distinguished from the smooth dog- 
fish by the presence of a long spine in front 
of each of the two dorsal fins. 


SKATES AND RAYS 


Skates and rays differ from sharks in 
several respects. The body is decidedly 
flattened, for these fishes have been adapt- 
ed for living on the bottom of the sea in 
comparatively shallow waters. Their shoul- 
der fins are greatly enlarged. They extend 
forward past the gills and are attached to 
the sides of the head. By moving the skele- 
tal supports within these fins up and down, 
a ripple, or wave, effect is produced. The 
rays swim by passing these waves back 
along the shoulder fins. 

The eyes of skates and rays are placed 
on the upper surface of the head. The gills, 
on the other hand, lie on the underside of 
the head. The breathing apparatus of these 
fishes is well adapted to their life on the 
ocean bottom. Instead of taking in water at 
their mouths, as do the sharks, the rays take 
it in through two apertures called spiracles, 
which are located on top of the head in back 
of the eyes. Each spiracle is fitted with a 
special valve. When the fish breathes out, 
the spiracle is shut off and water is forced 


out through the gill openings. 
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Rays have much reduced tails, some 
being no more than a whiplash. They also 
have lost the anal fin, and the fins on the 
back are very small or altogether absent. 
They mainly feed on invertebrates that live 
on the ocean floor. The various species of 
skates and rays are reckoned among the 
commonest fishes that are found in the sea. 


ANGELFISH AND SAWFISH 


The curious angelfish, or monkfish, is a 
connecting link between the sharks and the 
rays. The angelfish is a flat fish reaching a 
length of two meters or more. It is particu- 
larly remarkable for the great extension of 
its pectoral fins, which are supposed to sug- 
gest the wings of an angel. It is widely dis- 
tributed, especially in northern waters. 

Another link between the sharks and 
the rays is the sawfish ray. Superficially 
it closely resembles the saw shark (some- 


times referred to as tł 
for both have an elor 
sharp teeth along the 
of the true sawfish are c 
the body and it is there 
order of rays. The adult 
of 5/2 meters and the sa 
as 30 centimeters wide : 
meters long, with perha 
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hatch inside the female 
short saws are covered 
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The chimaera is a rare oceanic form. Chimaeras are ve 
sharks and rays, and are grouped in a subclass all thei 
rays, they are mollusk-eaters. 
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The monkfish represents a 
link between the sharks and 
the rays. It is a common fish 
in northern waters 


the waters off India and China. Some spe- 
cies may even live in fresh water. 


WELL-KNOWN SKATES AND RAYS 


The guitarfish, as the name implies, is 
shaped somewhat like a guitar. This animal 
is a very ancient form, having existed since 
the Jurassic period, 165,000,000 years ago. 
It is a sharklike skate, flatter than the saw- 
fish but not so broad and flat as the true 
skates. 

_ The shovel-nosed skate is a common 
guitarfish found in many seas. The flattened 
head and body have large shoulder fins as in 
the skates, but the tail is powerful as in the 
sharks. The fish is grayish, with pale spots, 
and the underside is uniform in color. The 
adult form is usually about 60 centimeters 
long. The animal inhabits the warmer seas 
and is fairly common off the Florida coast. 
Like other skates, it eats mollusks and 
crabs. The Indian species is particularly 
destructive to the pearl-oyster beds of Sri 
Lanka (Ceylon). 

The skates are almost completely flat- 
tened and are well adapted to the smooth, 
Sandy bottoms that they inhabit. The disk- 
like head and body are sharply distinct from 
the slender tail. In some cases the tail is 
extremely reduced and is almost absent. 
The skin is armed with spines, which are 


Courtesy of the American Museum of Natural History 


most prominent on the middle line of the 
back and the upper part of the tail. The two 
sexes differ greatly in color and in the for- 
mation of the teeth and spines. Some skates 
can give a mild electric shock, since they 
have an electric organ in the tail. They pre- 
fer cool waters and are not found in tropical 
seas except in the deeper waters. 

The common skate, which occurs off 
the eastern cost of North America, is never 
more than 60 centimeters in length. The 
teeth are rounded and set in many rows. 
They are well adapted for crushing the 
small crustaceans and mollusks that consti- 
tute the diet. Like all skates, the common 
skate lays eggs that are enclosed in a 
brown, rectangular capsule with horny 
strings attached to the corners of the 
“purse.” 

One of the largest species of skates is 
the barn-door skate, which occurs in deep 
waters from Florida to Nova Scotia. It may 
reach an over-all length of more than two 
meters. The “wings” of skates make excel- 
lent food. 

The torpedoes are an unusual group of 
rays. The body is round and disklike and 
the tail has a large fin at the end. The skin is 
completely smooth and unarmored. Their 
only method of defense is their ability to 
deliver a severe electric shock. The electric 
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organs of the torpedoes are large masses 
that are located on both sides of the head 
and extend sideward to the edge of the fins. 
They are as thick as the entire body and 
about one third the length of the animal. 
Actually, the electric organ is modified 
muscle tissue that is well supplied with 
nerves that run to it from a special lobe of 
the brain. 

The Pacific torpedo has been known to 
produce as muchas 200 volts of electricity, 
with a power of 1,600 watts, in one dis- 
charge. During several discharges the tor- 
pedo may produce enough power to light 
several household lamps, though only for 
an instant. 

The electrical powers of the torpedo 
are generally for the purpose of defense, 
but they can be used in capturing prey. The 
young are born alive and are capable of 
producing electricity even before birth. The 
adult Atlantic torpedo may reach a weight 
of 14 kilograms. About 23 kilograms has 
been recorded for the Pacific torpedo. Most 
of these rays are found in tropical seas. 
They feed chiefly on fish. 

The stingrays have a diamond-shaped 
body and a long, whiplike tail that is provid- 
ed with a barbed spine at the base. These 
flat creatures live at the bottom of seas, 
bays, and rivers, particularly in the tropical 
regions, wherever there is sand and silt. 
The tail is used primarily as a defense but it 
can also paralyze prey. When the ray is 
alarmed, its tail lashes around the enemy 
and the barbed spine is driven into the vic- 
tim’s flesh, injecting poison as it does so. 
The stingray swims by flapping its fins up 
and down. 

The eagle rays are typically flattened 
fishes. In this case, however, the broad 
shoulder fins common to most members of 
the ray family are not continued to the end 
of the snout. They terminate on the sides 
of the head and appear in front of the snout 
as two fleshy projections (the cephalic 
fins). The tail is long and whiplike, with a 
single dorsal fin near its root. As in the 
other families, the young of eagle rays 
are born alive. 

The spotted whip ray is four meters 
long and weighs close to 200 kilograms. It 
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CHIMAERS 

The chimaeras live deeper water 
than either sharks or rays. Like the rays, 
their tails are often reduc o a long, nar- 
row, whiplike structure he gills are 
covered with a flap of skin so that theres 
only one opening on each side leading to 


the gills. 

The chimaera is generally considered 
an offshoot of an early cartilaginous fish 
stock. This group resembles the sharks, for 
they have a cartilaginous skeleton as We 
as a similar internal anatomy. They ale 
however, more like the true fishes, since 
they have a single gill covering, unlike othet 
cartilaginous fish. ; 

The body is slender and tapered and its 
first dorsal fin is armed with a spine. i 
shoulder fins are large. The teeth are flal 
plates provided with hardened points. They 
are made for crushing mollusks, but the 
chimaera’s diet consists also of fish a 
seaweeds. The rough surfaces of the fla 
plates are well suited for grinding up this 
varied diet. 
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AMPHIBIANS 


by Richard G. Zweifel 


_ You hear him but you can’t see him. 
His distinctive singing is clearest and most 
cheer n a damp day, when there is lots 
of moisture in the air. He sits perfectly still. 
Sometimes several hours pass before he 
moves. And because he can change the 
color of his body, he may match his sur- 


roundi looking like a green leaf or a bit 
of rock or moss. 

He is a tree frog, a small animal per- 
haps two to five centimeters long. On his 
toes are suction disks, which help him 
climb. Some tree frogs even breed in trees. 
The females lay their eggs on leaves, bend- 
ing the leaves so that they collect rainwa- 
ter, which keeps the eggs moist. 

Most frogs never climb trees. But they 
share important features with the tree frogs. 
They have thin, moist skin. The tongue is 


attached to the front of the mouth and has a 
sticky tip. They have well-developed legs. 
And they lay their eggs in water or in very 
moist places. 

Most frogs spend part of their lives in 
water and part on land. Thus they are called 
amphibians, which means “both-life 
creatures.” Other members of the class 
Amphibia are toads, salamanders, and cae- 
cilians. 

BETWEEN FISH AND REPTILES 


The amphibians may be easily identi- 
fied by their moist, glandular skin. This 
contrasts with the scaly skin of most fishes 
and reptiles, the animals most closely re- 
lated to amphibians. 

There are other differences between 
amphibians and fishes. Generally, amphibi- 
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The gray tree frog, Hyla versicolor, leaps from his 
perch to a new branch. Its long hind legs are well 
adapted for hopping and leaping. 


ans have legs instead of fins, and breathe 
by means of lungs instead of gills. How- 
ever, there are exceptions. Not all amphibi- 
ans have legs. Some fishes have lungs; all 
amphibians at some stage of their develop- 
ment have gills, though in most species 
these are lost when adulthood is reached. 
Certain fishes lack scales: the amphibians 
called caecilians have scales. 


The leopard frog, Rana pipiens, is common 
throughout North America. These frogs are widely 
used in biological research 


AMPHIBIANS 


The dry, scaly skin t reptiles dis- 
tinguishes them from an ns. Also, all 
amphibians possess fun ills at some 
time or other. Reptiles do, though 
gills exist as a transito in the de- 
velopment of the reptil Amphibi- 
ans never develop an an ı embryon- 
ic membrane found ir and other 
higher vertebrates. The mphibians 


are always laid in water 
Those of reptiles are lai: 


EVOLUTION OF AMPHI 


oist spots, 


Primitive fishes ¢ sopterygi- 
ans were the forerunner nphibians, 
They developed fins tha ) resemble 
primitive legs. The c gians had 


lungs, and in various « pects they 
were similar to the earli ians. 

The first amphibi their ap- 
pearance some 300,000 s ago. The 
first known amphibian tega, pos- 
sessed limbs much like of modern 
amphibians. Possibly i somewhat 
fishlike tail and bore oth blances to 
fishes. 


We can only guess 1 how the 
earliest amphibians mov the fresh- 
water habitat of their anc » land. The 
evolution of lungs woule ertain ear- 
ly fishes to live in war int pools, 
which would be deficien ygen. The 
fishes would be able to su it the sup- 
ply of oxygen by breathin | the outer 
air through their lungs droughts 
dried up the pools, primi nbs would 


enable the animals to tra verland to 
seek other water. 

The first amphibians 
onto land found no vertebra 
It was a fresh and quite une 
ment —far more favorable fo 
ment than the aquatic envir 
teemed with competing form 
life. 


ventured 
rivals there. 
ted environ- 
heir develop- 
ment, which 
f vertebrate 


Once they became partly adapted w 
terrestrial life, the amphibians evolved into 
a great variety of forms. Some were gro- 
tesque creatures with broad bony heads. 
Others resembled modern crocodiles in 
size and appearance, and probably also in 
habits. 


Robert H. Wright, Audubon/PR 


The bullfrog, Rana catesbeiana, is a large frog na- 
tive to North America. Its deep-voiced croaks are 
frequently heard during the summer. 


In the Carboniferous and Permian pe- 
riods, 225,000,000 to 350,000,000 years 
ago, there were two main groups of amphib- 
ians—lepospondyls and labyrinthodonts. 
It is believed that today’s salamanders and 
caecilians are descendants of the lepospon- 
dyls, while frogs are more closely related to 
the labyrinthodonts. The reptiles also 
evolved, almost certainly, from the labyrin- 
thodonts. 


THREE MAJOR GROUPS 


The amphibians are divided into three 
principal groups—frogs, salamanders, and 
caecilians. 

The name “frogs” is given to various 
animals, including the toads, that make up 
the order Anura. These animals are dis- 
tinguished from other amphibians among 
other things, by, the lack of a tail in the 
adult. The frogs are the spriest of the am- 
phibians. They hop or jump from one place 
to another. 

Salamanders and newts make up the 
order Urodela. They retain their tails as 
long as they live. Some of them, as adults, 
dwell on land, walking or creeping about. 
Other species live in the water. Certain sal- 
amanders have no hind limbs. 


The caecilians make up the order 


Apoda. Found both on land and in fresh 
water, they have no limbs at all. 


FROGS AND TOADS 


These are the most numerous of the 
three amphibian groups. Almost 2,000 
species are known. The order name, Anura, 
means “without a tail,” and refers to a dis- 
tinguishing feature of these amphibians. 
The bodies of the adults are short. The long 
hind legs are well adapted for hopping. 

Frogs are found in most parts of the 
world. They are almost entirely absent 
from Arctic and Antarctic regions and from 
the islands of the sea. However, a very few 
may be found north of the Arctic Circle 
and some have been introduced on oceanic 
islands by people. The vast majority of 
species, about 80 per cent of those known, 
live in the tropics. 

The common frogs, or ranids, are 
widely distributed and numerous in many 
places. The leopard frog, Rana pipiens, is 
the most widely distributed species in 
North America. It is at home in any place 
where there is fresh water. Thousands of 
these frogs are used every year in teaching 
laboratories. Students dissect them to study 
the structure of the vertebrate body. In re- 
search laboratories scientists use them as 
experimental animals. 

The bullfrog, Rana catesbeiana, a 
large, deep-voiced species native to eastern 
North America, has been introduced in 
many other regions of the continent. The 
legs of this animal are a favorite food item. 
Misguided persons have tried to take ad- 
vantage of the steady demand for frogs’ legs 
by establishing “frog farms,” where they 
have raised frogs for sale to restaurants. 
Unless one owns a swampland with a plen- 
tiful natural food supply, the keeping and 
feeding of bullfrogs on a scale large enough 
to provide an adequate profit is not prac- 
tical. b 
The toads, genus Bufo, are rather 
short-legged and lack the remarkable jump- 
ing ability of frogs. They generally move 
forward with a series of short hops. When 
the toad finds an insect or worm, he stalks it 
carefully. Then he flips out his long, sticky 
tongue —it may stretch five to seven centi- 
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Blomberg’s toad. Toads are very similar to frogs 
but generally spend most of their time on land and 
have wartlike structures on their skin. 


meters—and draws the prey back into his 
mouth. 

Most of a toad’s life is spent on land. 
Only in the breeding season does the animal 
return to the water. The wartlike structures 
on a toad’s skin are actually glands. They 
have only a superficial resemblance to the 
warts that develop on human skin. The be- 
lief that contact with a toad can cause a hu- 
man being to develop warts is untrue. How- 
ever, a few species of toads are poisonous. 

Tree frogs are found throughout much 
of the world, but are particularly abundant 
in tropical regions. Most species are 
smaller than true frogs and toads. As arule 
they possess expanded, adhesive pads on 
the toes. These pads make the animals ex- 
pert climbers, 

Not all tree frogs live in trees. The 
spring peeper, Hyla crucifer, so well 
known to rural residents of eastern North 
America, remains near the ground. The 
common Pacific tree frog, Hyla regilla, of 
western North America, likewise seldom 
ascends more than bush high. The voice of 
Hyla regilla has been recorded and is now 
used when a movie, radio, or television 
script calls for frog noises in the back- 
ground. Thus, in a play whose scene is laid 
in Burma, Canada, or Brazil, the listener 
likely hears a common frog that lives near 
Hollywood. 


AMPHIBIANS 


The hellbender is the largest nder in North 
America. It lives in rivers 

One of the remarka roperties of 
frogs, and of tree frogs ir cular, is the 
ability to change color ny species 
merely darken or lighten basic color. 
Others change from one to another, 
as from brown to green. 

Color change is accx hed by the 
contraction and expansior zment with- 
in skin cells known as mela vores, These 
cells are under the contr the adrenal 
and pituitary glands. One weu'd think thata 
frog would instinctively ch its color to 
match the color of the roc! leaves upon 
which it sits. This does not sar to be the 
case. Color changes seem to be due to such 
factors as the animal’s temperament and E 
temperature. It is not unusual to see a 


bright green frog sitting on a drab, gray 
rock. 


SALAMANDERS AND NEWT: 


These animals, which have a tail 
throughout their lives, form the order Uro- 
dela—“creatures with visible tails.” They 
look like lizards, but the dry, scaly skin o 
true lizard distinguishes it from the salaman 
der, which has a moist, glandular skin. 

About 250 species of salamanders 
have been discovered. The animals ae 
most abundant in the Northern Hem! 
Sphere. Only a very few species are founi 
south of the equator. 


Karl H. Maslowski/PR 


On yup of salamanders is made up 
of the which are found in North 
Americ irope, and Asia. The spotted 
newt, / tylus viridescens, of eastern 
North ica is an abundant species 
commo jund in lakes and ponds. Its 
interest ife history is described later in 
this art 

TI ted newt, Triturus cristatus, is 
a common species in Europe. It reaches a 
length centimeters. During the breed- 
ing se the animal develops a crest 
along its back. 

Salamanders of the family Plethodonti- 
dae do have lungs. In these animals 
Oxygen is taken up and carbon dioxide is 
given off through the moist skin and mouth 


lining, rather than through the surface of 


the lungs. Many of the commonest sala- 
manders of North America belong to this 
family. They keep pretty well out of sight. 


About the only persons who see them are 
Collectors, who turn over logs and rocks to 
find them, and fishermen, who use stream- 
dwelling species for bait. 

The largest salamander in North 
America, the hellbender, Cryptobranchus 
alleganiensis, lives in rivers in the eastern 
United States. It rarely ventures on land. It 
IS a flabby-skinned animal, sometimes more 
than 60 centimeters long. Its relative, the 
giant salamander of Japan, Andrias japoni- 
cus, may reach a length of 150 centimeters. 
Itis the world’s largest salamander. In past 
ages, salamanders of this type lived in vari- 


The red-spotted newt during its pre-adult land 
stage. During this time it is called a red eft 


ous parts of the world where they are no 
longer found. The fossilized remains of a 
giant salamander discovered many years 
ago in Europe were at first thought to be the 
remains of a person who had perished in the 
Biblical flood. 

Although most salamanders have four 
well-developed limbs, there is one family in 
which the legs are very tiny and another in 
which only front legs are present. The con- 
go eel, Amphiuma, of the southeastern 
United States, has four tiny limbs much too 
small to be of use in locomotion. It spends 
most of its time in muddy lakes or sluggish 
streams, and swims in the fashion of a true 
eel. The sirens, genus Siren, found in the 
same general area, have tiny forelimbs. 
Both congo eels and sirens are quite large 
for salamanders, reaching a length of al- 
most one meter. 


THE CAECILIANS 


The Apoda, or “animals without feet,” 
are a tiny group, composed of about 70 
species. These little-known creatures live 
only in tropical regions in both the New and 
Old Worlds. 

As they are legless, caecilians bear no 
resemblance to frogs or salamanders. The 
surface of the body is usually grooved into 
a series of ringlike segments. Therefore, 
they look a good deal like earthworms. 
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An American toad singing. The vocal sac is inflated, 
amplifying the sounds from the vocal cords. 


Some species of caecilians possess scales. 
These are buried in the skin and can be 
seen only when the animals are dissected. 
Most species lay eggs, but some are known 
to bring forth living young. Some caecilians 
are burrowers. In all species, the eyes are 
degenerate, so that the animals are blind, or 
nearly so, 


LIFE CYCLE 


Amphibians generally produce a large 
number of eggs, only a comparatively small 
percentage of which survive and develop 
into the adult form. 


IN FROGS 


Mating. Many more frogs are heard 
than are seen. During the breeding season, 
the males of most frog species give forth 
with songs that apparently attract the fe- 
males and possibly other males to the 
breeding site. Frogs frequently gather in 
vast numbers. A deafening din may be pro- 
duced by even so small a species as the 
spring peeper. 

Each species has its characteristic call. 
It is believed that this makes it possible for 
a frog to find a mate of its own species if 
several species are contributing to the 
uproar in a small area. 

When calling, most frogs make use of 
vocal sacs, bubblelike pouches of skin filled 
with air. There may be one or two of these 
sacs, which are located beneath the chin or 
at the corner of the mouth. A vocal sac acts 
as a resonating chamber, amplifying the 
sound. Air is passed back and forth be- 
tween the lungs and the sac, passing over 
the vocal cords to produce the sound. 
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While this happens, the mouth remains 
closed, so that the frog can cal! even under 
water. 


Other types of sound besides the mat- 
ing call are produced by frogs. Often, when 
one frog is touched by an r or when a 
frog is picked up by a pers ı chirping or 
chucking sound is produced. This seems to 
be a note of protest. When ne frogs are 
seized by an enemy, they gi loud, piere- 
ing scream. In contrast to mating call, 
this scream is produced w the mouth 
open. 

Layingeggs. For th ist majori- 
ty of frogs, the processes o! g and ferti- 
lizing the eggs follow a s ittern. The 
male clasps the female by back and 
when the eggs are discharge ) the water, 
they are fertilized by the m During the 
breeding season, many kind male frogs 
develop horny, spiny areas sir thumbs. 
These help the male to gr: 1e slippery 
body of the female. 

The eggs may be laid i large clump 
or diffuse mass, as is the « with many 
true frogs, or they may be ir strings, as 
is the habit of toads. Some es may lay 
their eggs in numerous smaller clumps. 
Others lay eggs singly. No r r what the 
shape of the egg mass, each egg is sur- 


rounded by layers of jelly that help protect 


it from injury. 


It may take the eggs only a few hours 
to hatch or it may take many days or even 
weeks. The time will depend largely on the 
species but also on the temperature of the 
water. Generally, eggs laid in temporary 
pools develop more rapidly than those laid 


in more permanent bodies of water. 

Larger frogs, as a rule, produce greater 
numbers of eggs. A bullfrog may lay as 
many as 20,000 eggs. Smaller species, such 
as the green frog and leopard frog, lay up t0 
6,000. Toads produce smaller eggs than 
frogs; these eggs are much more numer- 
ous. A toad the size of a leopard frog may 
lay more than 25,000 eggs. The eggs of tree 
frogs are usually numbered in the hun- 
dreds. The record for the smallest number 
of eggs belongs to a West Indian form. 
Sminthillus, which lays only one. 

The tadpole. The creature that hatches 


from the —a tadpole—is a fishlike or- 


ganism ears little resemblance to the 
adult fr t has gills for respiration, no 
legs, ar iil with which it propels itself 
throug! ater. 

TI pole has a horny beak sur- 
rounde¢ ows of comblike horny teeth. 
It feed e most part on plant material, 
such a which it scrapes from rocks 
and ot! uatic plants. It will also eat 
meat, in the form of dead tadpoles 
or othe ils 

i t of its growth period, the tad- 
pole c little in external appearance. 
The g hich are at first external, are 
soon < l over by a flap of skin. The 
hind | ar at the base of the tail and 
slowly e in size. 

M hosis. When the time for 
metar is, or the change into the 
form 0 jult frog, arrives, events move 
rapidly front legs, which have been 
develo ut of sight behind the flaps of 
skin c¢ the gills, now appear. The tail 
dwind y; itis absorbed into the body. 
The 1 gradually assumes the wide 
shape eristic of the frog. Internally, 
signific hanges take place. The long, 
coiled ne of the tadpole is replaced by 
the she it of the frog. Lungs take over 
the tas espiration from the gills. The 
tadpol now dash to the surface of the 
water ) alr. 

W \yroid extract is fed to tadpoles 
their development is speeded up. This 
shows the hormone produced by the 
tadpole yroid gland is important in start- 
ing and iging about metamorphosis. 

The length of time between egg-laying 
and metamorphosis varies greatly among 
different species of frogs. Some, such as the 
spadefoot toads, which lay their eggs 1n 
temporary pools in desert regions, may £0 


through the cycle in less than two weeks. 
At the other extreme, in cold northern cli- 


Life cycle of a typical frog. Top: a gelatinous mass 
of fertil ggs. 2nd: a tadpole, a form that lives 
entirely in water. 3rd: metamorphosis occurs at 
some point, and the tadpole is transformed into an 
air-breathing form. Bottom The adult form. The tail 
has been absorbed 


yn/PR; from top to bottom: 
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mates the bullfrog may take two or three 
years to transform. For the majority of spe- 
cies, the transformation is completed during 
a single season. The eggs laid in spring or 
early summer produce small frogs by the 
end of summer or early fall. 

Unusual development. The develop- 
ment of certain frogs does not follow 
the general pattern just described. In 
various species, the tadpole is not a free- 
living form. It remains in the egg, and meta- 
morphosis takes place before the egg hatch- 
es. Such eggs are never laid in the water, 
but only in moist places on land or in trees. 

The male of one remarkable South 
American species, Rhinoderma darwini, 
Keeps the eggs in his vocal pouch. The fe- 
male Surinam toad, Pipa pipa, carries her 
eggs about on her back. The eggs are set in 
place by the male. They sink into the skin 
and each is protected by a covering. 
The larva that develops from each egg 
completes its development in its tiny cham- 
ber and emerges as a small but fully formed 
toad. 

The female midwife toad, 4 lytes obste- 
t icans, lays two strings of eggs. Her mate 
thrusts his legs though the egg mass. 


This female salamander is guarding her clutch of 
twenty-four eggs. 


Hal H. Harrison, Audubon/PR 


Thereafter, he carries the ex; 
his legs, about with him 


š, attached to 
l the larvae 


hatch out. By that time the larvae are well- 
developed. 
IN SALAMANDERS 

Salamanders have no tng calls like 
those of frogs. Some species are capable of 
making a squeaking soun it most are 
mute. The sense of hear poorly de- 
veloped, too. Salamanders any exter- 
nal evidence of ears, in cor to the well- 
developed ears of most fro n the other 
hand, many salamanders a highly 


developed courtship behan 


Except for some primit pecies that 


practice external fertilizat much the 
same manner as frogs, sal nders have 
internal fertilization. Thi yt accom- 
plished in the direct manne tigher ani- 
mals. The male courts the { by leading 


her about. He then depo gelatinous 


packet containing sperm, v is called a 
spermatophore. The fema ks up the 
spermatophore with the lip r cloaca— 
the chamber through whi iss waste 
products and eggs before le : the body. 


The sperm are stored in the a until the 


time for egg-laying arrives 


The eggs of many spec F salaman- 
ders are laid singly or in small clumps in 
water. They hatch into larvae which spend 
a period of weeks or mont! ı the water 
before they are transformed into adults. 


Some species lay their eggs in moist places 
near streams. Upon hatchi the larvae 
make their way to the water. Just as in 
frogs, many salamanders have given up a 
free-living larval stage; small salamanders 
of adult form are hatched. These species 
never go in the water, either as adults or as 
young. 

No salamander produces the immense 
number of eggs characteristic of so many 
frogs and toads. Approximately 500 eggs 1S 
the greatest number known to be laid by 
any North American salamander. Most 
Species produce far fewer than that. Spe- 
Cies that lay their eggs on land and have 
direct development (omitting the larval 
Stage) may lay as few as a dozen eggs. 

In contrast to the tadpole, the larva of 


er bears a close similarity to 
most conspicuous difference 


the salan 
the adult. | 


is the pres e of gills in the larval salaman- 
der. In s wholly aquatic species, the 
adult rete ills and differs from the larva 
only in b exually mature. This condi- 
tion may r in species in which adults 
normally 1e land animals. 


As ider living in the Alps, the 


black sal ider, Salamandra atra, pro- 
duces liv ung without the bother of a 
free egg val stage. At the other ex- 
treme, t} tted newt of eastern North 
Americ a complicated life history. 
Eggs art n a lake or pond and hatch 
into yell green larvae. After living in 
the wat several months, the larva 
changes or to bright red, with spots of 
deeper r then crawls out on land. At 
this stag known as a red eft. The eft 
remains d for a year or more and then 
returns { vater to breed. Its color has 
now ch: to olive green. It remains in 
the wate he rest of its life. 

HOW L ) THEY LIVE? 

We that most amphibian species 
produce ense numbers of eggs. Since 
compar: few of the larvae that are 
hatched h maturity, the mortality 
among t nust be great. 

Fre id salamanders that reach 
adulthox obably do not live more than 
three or years on the average. Animals 
kept in captivity, however, have lived far 
longer t that. An American toad at- 
tained t enerable age of 31 years; a 
bullfrog also reached the age of 31. Among 
Salamanders, a large aquatic hellbender 


lived 29 years, a small spotted salamander 
25 years, and a western newt 21 years. 


BEHAVIOR 


In general the different groups of am- 
Phibians are rather similar in their food 
Preferences and adaptations to climate 
Conditions. They all have their particular 
Ways of defending themselves from ene- 
mies, 

FOOD HABITS 


All frogs and very nearly all salaman- 


Robert C. Hermes, Audubon/PR 


ecies of amphibians, such as the toad (top) 
i large prey. 

and frog (bottom) can swallow relatively 

These Dials use a long sticky tongue to catch 

food and get it to their mouths in a fraction of a 


Large sp 


second. 


ders are carnivorous. Some kinds of aquatic 
salamanders eat plant material, but even 
these species subsist largely on a diet of 


imals. 
coat case of frogs, the rule seems to 
be “eat anything that moves and is not big 
enough to eat you.” Frogs and salamanders 
are stimulated to feed by the motion of their 
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A spadefoot toad. Spadefoots have a special horny 
protuberance on each hind foot that is used for 
digging. 


prey. Large species, such as the bullfrog, 
are capable of remarkable feats of swallow- 
ing. Birds, mice, snakes, fish, frogs, and 
even bats fall prey to this animal. However, 
most of the food of the bullfrog and of other 
frogs and salamanders consists of inverte- 
brates —insects, spiders, earthworms, and 
their kin. 

In destroying vast numbers of harmful 
insects, the amphibians, particularly toads 
inhabiting gardens and farms, do a service 
to mankind. One species of toad, the giant 
marine toad of tropical America, has been 
introduced in many of the islands of the 
Pacific in order to help control insect pests. 


HIBERNATION AND ESTIVATION 


In temperate regions, most amphibians 
go into hibernation during the winter, with 
its low temperatures and Scarcity of food. 
Frogs burrow in the mud at the bottom of 
ponds, or conceal themselves under logs or 
in crevices. Sometimes toads burrow into 
the ground toa depth of more than 30 centi- 
meters. Salamanders hibernate under rocks 
in streams, under logs, in rotting tree 
stumps, or in damp burrows in the ground. 

During the hibernation Period all bodi- 
ly activites, such as digestion, breathing, 
excretion, and circulation, are greatly re- 
duced. In extremely hot regions amphibi- 
ans go into a similar state, called estivation, 
during the hot and dry season, 
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ENEMIES AND DEFENSES 


Frogs and salamande 
food of many animals 
larly water snakes and ¢ 
vour vast numbers of ; 
perhaps their deadliest | 


form a favorite 
ikes — particu- 

r snakes —de- 

bians and are 
Fishes feast 


on tadpoles and other |: forms. Frogs 
dwelling in marshes and ms are often 
eaten by birds such as ron. In their 
nocturnal hunts along st » and ponds, 
raccoons prey upon any hibians they 
may encounter. 

People must also ted as major 
enemies, not only bec of the great 
numbers of frogs we usi vod, but also 
because we drain sw; ind pollute 
streams in which the anin e 

The great leaping at l many frogs 


er enemies. 
protection 
inds secret- 


enables them to escapi 
Many species have mn 
than agility. In others, s! 


ing ill-tasting or poisor liquids are 
found. An animal seizing z of this kind 
will quickly release its pre nall, bright- 
ly colored frog of Centra! outh Ameri- 


ca is so poisonous that it | een used asa 
Source of arrow poison by natives. 


Even the common of North 
America have poison gla in the skin, 
Two kinds of giant toad, one found in the 
southwestern United Stat id adjacent 
Mexico and the other in tropical America, 
are particularly poisonous. A dog or cat 
mouthing such a toad may be so badly poi- 


soned that it will die. 

The poisons of frogs and toads are 
dangerous to people only when they come 
in contact with mucous membranes suchas 
those in the eyes or mouth. Ordinarily itis 
safe enough to handle these animals. How- 
ever, if you hold a spadefoot toad and, 
hours later, inadvertently rub your eyes, 
you may develop itching, watering eyes, 
and a running nose—symptoms generally 
associated with a head cold. 

The protective device of distasteful or 
poisonous skin secretions is not limited to 
frogs. It is also found in certain salaman- 
ders. These animals seem to be almost m 
mune from any animal foes, as a result 0 
their skin secretions. 


LIZARDS 


by James A. Oliver 

A > sturdy, fierce-looking Komodo 
dragon ‘:mbers out of the jungle, it spots a 
wild | he chase is on . . . and the pig los- 
es. TI omodo dragon leaps on its prey 
and | s its jaws in the pig’s flesh. It 
tears huge chunks of meat and gulps 
them n without chewing—much like 
the r eating dinosaurs must have eaten 
ahun nillion years ago. 

rhe Komodo dragon, a lizard of Indo- 
nesia s like those terrifying dinosaurs. 


It ist big as the dinosaurs were—but 
it’s b ough to catch and kill pigs and 
small Some Komodo dragons are 
more ı three meters long. They may 


weig uch as 165 kilograms. 

l the pigs and deer of Indonesia, 
you would try to avoid the Komodo 
drago 3ut other lizards, such as the 
horn urd, make interesting pets. 

important to people, though, are 
the n species of lizards that feed on in- 
sect ; In many warm regions of the 
world 1 lizards are welcome residents in 
peop! omes. They have even become 
symt f good fortune. In parts of south- 
easte \sia it is considered bad luck to 
mové ) a new home until a tokay, one of 
i g lizards, has taken up its residence 
there 


in certain parts of the world, lizards 
serve as food for human beings. In Central 
and South America, iguanas are a valued 
table delicacy often called “chicken of the 
tree.” Monitor lizards are eaten frequently 
in Asia and Africa. 
' skins of lizards are sometimes 
used in leather products. Some species 
have been hunted so intensely for the leath- 
er industry that they are now in danger of 
extinction. 

_ There are approximately 2,500 spe- 
cies of lizards. These reptiles occur in all 
parts of the world except the polar areas. 
One species, the viviparous lizard, Lacerta 
vivipara, of Europe, has extended its range 
to a part of the Scandinavian peninsula 


Exxon 


The ifkakh, a desert-dwelling lizard. The throat 
pouch turns a deep blue when the animal is 
excited. 


within the Arctic circle. Most species, 
however, are found in tropical and subtrop- 
ical regions. 


LIZARDS AND SNAKES 


The lizards and their close relatives, 
the snakes, are the best-known and most 
widely distributed of all modern reptiles. 
Lizards and snakes are so closely related 
that they are usually classified in the same 
order: the Squamata. The name, a Latin 
word, means “scaly creatures”. Actually, 
all reptiles are scaly creatures, in a sense, 
since they are covered with dermal scales 
or horny plates. 

One way in which lizards and snakes 
differ from other reptiles is in their skull 
structure. In all reptiles, the lower jaw is 
attached to the skull by means of the quad- 
rate bone. In lizards and snakes the quad- 
rate bone is movably attached to the skull, 
permitting the jaws to be more mobile. 
Also, unlike all other living reptiles, male 
lizards and snakes possess paired copulato- 
ry organs. 

In many cases, it is comparatively easy 
to distinguish between lizards and snakes 
because of their external appearance. 
Snakes do not have legs; many lizards do. 
Most lizards have external ear openings; 
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George Holton/PR 
The komodo dragon is the world’s largest lizard. It 
may grow to over three meters long—big enough to 
kill goats, pigs, and small deer. 


none of the snakes have. Lizards generally 
have movable lids and therefore can close 
their eyes; snakes are not so provided and 
cannot close their eyes. 

There are exceptions, however. Cer- 
tain lizards have no legs; certain snakes 
possess remnants of hind legs. Some liz- 
ards have no ear Openings; some do not 
have movable eyelids. 

Therefore, to distinguish definitely 
between all lizards and all snakes, we must 
study internal characteristics. In lizards 
the right and left lower jawbones are united 
where they meet in front by a firm bony 
suture. The brain case is not completely 
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closed with bone in front 
girdle—a bony arch supp: 
limbs —is usually present 
Modern lizards and es have de- 
scended from the samce d ancestor, 


And a pectoral 
ng the fore- 


They appeared at abou same time 
some 135,000,000 years the begin- 
ning of the Cretaceous | id. The two 
groups developed along >r different 


lines, The lizards known a: 
up life in the sea. They bi 
streamlined creatures, wit 
tails and paddlelike limbs. $ 
predatory reptiles, attair 
more than six meters. Thi 


asaurs took 
elongated, 
g, powerful 
were large, 
length of 

p of lizards 


disappeared about 65,0()( years ago, 
near the end of the Creta: period. The 
surviving lizard groups a d-dwellers, 
though the members of ce pecies for- 
age in the water. 
LIZARD ADAPTATIONS 
A good many lizard s dwell in 
trees. The fingers and toes ain geckos 
and American chameleon provided 
with adhesive structures, « ig them to 
climb up smooth tree trun In the true 
chameleons, the hands and ire split so 
that some fingers and tc ypose the 
others on the same hand or providing 
Dade W. Thornton, Audubon/PR 
Chameleor well adapt- 
ed for life trees. Their 
hands and t are forked 
and equipped with adhesive 
structures and their tails are 
prehensile—ali of which 
help them climb, grip, and 
adhere to tree branches. 


Their very long projectile 
tongues help them catch 
prey. 


an excellent organ for gripping stems and 
twigs. Chameleons possess another valu- 
able adaptation for life in trees: a prehensile 
tail with which they grasp branches and 
twigs. 

The flying lizard is able to glide 


through the air. The “wings” of this lizard 
consist of large folds of skin on each side 
between he front and hind legs. This skin 
can be ««!ended and held out by means of 
elongate. ribs, thus forming a winglike 
structu The flying lizards are accom- 
plishe« obats. They can zoom up at the 
end of lide and jump nimbly from one 
tree to ther. 

l ds that dwell on the ground often 
have gated bodies and legs that are 
reduced in size. Some carry this trend to 
extrer They have become elongate, 
limble and snakelike. Some of these 
limble ryms, such as the amphisbaeni- 
ans, li secretive lives underground or 
under They generally have no eyes or 
extern wr openings. Certain elongated 
groun ellers have not completely lost 
their | rhey have small flaps represent- 
ing the vestiges of limbs. 

I lizards live in either fresh water or 
the ocx Those that are adapted for living 
in or around fresh water resemble croco- 
dilians — superficially, at least. This is re- 


flected in the scientific and common names 
given to some of these animals, such as the 
crocodile lizard, Crocodilurus lacertinus, 

he caiman lizard, Dracaena guianen- 
yth of which live in the Amazon basin. 
rine iguanas are found on the rocky 
shores of the Galápagos Islands. Here they 
bask, fight, and reproduce. When the tide 
goes out, they scamper down the rocks and 
into shallow water to feed on marine algae. 
Generally they keep pretty close to the 
shore. Occasionally, however, they venture 
quite far out to sea. Marine iguanas are 
noted for their swimming ability. They use 
their muscular tails to propel themselves 
through the water. 


LIZARDS NEED HEAT 
Like all reptiles, lizards depend on out- 


side sources of heat to warm their bodies. 
Because of this they are sometimes referred 


Phyllis Greenberg, Audubon/PR 
The marine iguana lives on the Galapagos Islands 
off the coast of South America. It is fairly large- 
about one meter long. 


to as ectothermic animals—that is, 
creatures deriving their heat from without. 
It is not correct, however, to consider them 
“cold blooded,” as they sometimes are 
called. When lizards are active, many main- 
tain their bodies at temperatures higher 
than those of some of the so-called ““warm- 
blooded animals.” For example, the des- 
ert iguana, or crested lizard, Dipsosau- 
rus dorsalis, may tolerate voluntarily a 
body temperature as high as 47° Celsius. 
Many species must have a fairly high body 
temperature to perform most of their 
functions. 

Some lizards bask in the direct rays of 
the sun and obtain their heat primarily in 
this fashion; they are called baskers. Others 
get their heat by contact with some warm 
substance — the ground, a rock, a log, or the 
air, Such lizards usually have lower temper- 
atures than the baskers. In general, the spe- 
cies active during the day have a higher 
temperature than do the nocturnal lizards. 


CHANGING COLOR 


Much has been written about the abili- 
ty of lizards such as the old World chame- 
leons to change body color. The popular 
but erroneous belief is that such color 
changes always represent conscious efforts 
to approximate the color of the background 
on which or against which the lizard ap- 
pears. Various other factors are concerned 
besides background color. Among these 
are age, sexual and seasonal changes, 
changes in temperature and light, and the 
animal’s emotional state. 
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Jen and Des CEER 
Lizards shed their skin periodically as part of the 
growing process. The skin is made up of dermal 
scales or horny plates. 


Usually a decrease in temperature re- 
sults in a darkening of color. A rise in tem- 
perature is apt to produce a lightening in 
color. The night lizards, genus Xantusia, of 
the southwestern United States and Mexi- 
co, form an exception to this rule. Their 
colors become darker with temperature 
increase. Intense light generally causes a 
darkening in color, and faint light the re- 
verse. Color changes resulting from vary- 
ing emotional states usually produce mot- 
tled color patterns. 

The tree-dwelling chameleons and a- 
noles exhibit the greatest ability to change 
color. But even in these animals the range 
of variations is limited to various shades of 
green, yellow, brown, and gray. There is 
no truth in the belief that a chameleon can 
match a plaid pattern, or any of the infinite- 
ly varied nuances of the different colors. 

Color variations in lizards are brought 
about by certain changes in pigment cells in 
the skin. Most of the cells nearest the sur- 
face of the skin are yellowish. Underneath 
them are great numbers of cells called me- 
lanophores, which have dark brown or 
nearly black pigment. There are whitish 
cells below the melanophore layer. 

Color changes are produced as the 
melanophores contract or expand. This 
may be brought about by decreasing or in- 
creasing temperatures. In the case of the 
other factors involved in color Variation — 
sexual and seasonal changes, light, and so 
on—the melanophores are stimulated by 
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oi 
The frilled lizard in found in New a and Aus- 


tralia. The frill is usually folded t the neck- 
until an enemy approaches 
the nervous system or throu action of 
one of three hormones — inte n, acetyl- 
choline, and adrenaline. 1 t two of 
these hormones cause the n phores to 
expand. Adrenaline causes 1 to con- 
tract. 
HOW LIZARDS DEFEND TH LVES 
Lizards have evolved a ver of dif- 
ferent protective structures types of 
behavior to defend themse!\ inst their 
enemies. The simplest and t widely 
employed type of defense i lee from 
danger. Lizards may escape a Shelter 
area or nook by gliding, as in t ise of the 
flying lizard. They may run ftly along 
the ground on their hind legs. They may 
swim to the bottom of a stream or pond. 
They may run upon the surface of the water 
on their hind legs, as does the basilisk. Or 


they may burrow underground 

Certain lizards rely on defensive struc- 
tures, such as spines or armorlike scales. 
Several lizards, such as the moloch of Aus- 
tralia and the horned lizard, have spines 
Over most of the body. The spines of other 
lizards, including the false iguanas (Creno- 
saura) of Central America and the masti- 
gure (Uromastix) of Africa and Asia, 
are restricted to the tail, which is flicked 
to and fro rapidly as a defensive weapon. 
Certain large lizards, such as iguanas and 
Monitors, have no spines on their long 
tails, but lash their tails as a part of bluffing 
behavior. 


One of the most unusual and wide- 
spread defensive devices in lizards is the 


detachable tail. Many species have long 
and often brightly colored tails that are eas- 
ily broken or that can be voluntarily de- 
tached. When this takes place, the tip of the 
detached tail wiggles violently, attracting 
the attention of the enemy, while the tail- 
less | i crawls away. A special modifica- 
tion o! the tail structure provides for the 
closu blood vessels in order to prevent 
loss < vod. The lizard grows a new tail in 
time s is never so long as the original 
tail a is different in appearance. 

In the glass snake, the detachable tail 
make » about two thirds of the total 
lengt! me persons believe that the glass 
snake breaks into pieces when attacked and 
that, when there is no more danger, the 
pieces come together again. Of course, 
once the tail is detached, the severed pieces 
die. As in the case of other lizards, the glass 
snake grows a new tail. 

ther widespread belief is that 
many ! “ards rely on their powerful venom 
to p ct themselves against enemies. 
Actu only two species are venomous — 
the Gila monster and the beaded lizard, 
both dwelling in the southern part of North 
Ame In these lizards the venom glands 
are | sd in the lower jaw, and all of the 
teeth grooved, allowing the venom to 
flow along the sides of the teeth. The ven- 
om may be fatal to human beings in rare 


instances. Fortunately, however, these liz- 
ards are very sluggish and it is easy to keep 
out of their way. Few persons are ever bit- 
ten by them, and then only when they insist 
on playing with or annoying them. 


PROTECTING THEIR TERRITORY 


Many lizard species have a well-de- 
veloped social hierarchy, in which large 
males occupy the dominant position. They 
maintain definite territories from which 
they exclude other adult males. Young 
males and adult females are permitted to 
remain. Usually the territory of an adult 
male includes the territories of several ma- 
ture females. Each of these females has an 
exclusive territory of its own, from which it 
excludes other adult females. 


To maintain their territory, lizards 
seek to intimidate intruders, sometimes by 
feigning to attack them. In most cases 
threatening behavior suffices to repel in- 
truding lizards. In some species physical 
contact and biting may be necessary. Male 
marine iguanas of the Galápagos Islands 
engage in butting contests with potential 
rivals. If an intruder refuses to butt, he is 
given several sharp bites to drive him away 
or to cause him to fight in the approved 
fashion. Nocturnal geckos that maintain 
territories and have social groups give 
voice to high-pitched squeals, clucks, and 
clacks to warn off intruders. 

In the case of diurnal lizards, the bright 
colors or “flash colors” of the males serve 
as a signal to other individuals that they are 
trespassing. The overall color of the male 
may be gaudy, as in the agamid bloodsuck- 
ers of the genus Calotes. In some cases, 
only a portion of the lizard, such as the 
dewlap of the anole, may be brightly tinted. 


THE LIZARD'S DIET 


Lizards eat a variety of foods. Most 
species are entirely carnivorous, feeding 
mostly on insects. A certain number eat 
plants. The moloch of Australia feeds ex- 
clusively on small black ants, which it laps 


Lizards have adopted some unusual means of de- 
fense. This gecko’s tail will break off from the rest 
of the body if a predator grabs it. 


Lewis Wayne Walker/PR 
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up with astonishing rapidity. According to 
one report, these little animals are capable 
of devouring an average of 45 ants per min- 
ute for 15 minutes —a total of 675 ants —at 
a single feeding. The horned lizards also 
feed largely, though not exclusively, on 
ants. 

Many lizards feed on spiders, cen- 
tipedes, worms, and other small animals. 
Larger species, such as the Komodo drag- 
on, eat larger prey. The larger chameleons, 
such as the giant one-horned chameleon, 
Chamaeleo melleri, prey on small birds. 

Certain carnivorous lizards eat clams 
and snails. The caiman lizard of South 
America and the Nile monitor are well 
adapted for eating mollusks. In these liz- 
ards the teeth in the rear half of both jaws 
are stubby, low-crowned, and molarlike; 
they can crack shells effectively. The mem- 
bers of these species are agile swimmers 
and are well adapted for foraging in water. 

The larger iguanid and agamid lizards 
are primarily vegetarians, eating blossoms, 
buds, and succulent leaves. Some of these 
animals feed high up in trees. Others eat 
plants growing on the ground. The marine 
iguanas of the Galápagos Islands, as we 
have seen, feed entirely on marine algae. 
Certain lizards, such as the desert iguana, 
Dipsosaurus dorsalis, eat mostly vegetable 
food but devour some animal food as well. 
Desert-dwelling lizards that eat succulent 
plants derive the water they need from 
these plants; they never drink water, 


REPRODUCTION 


Some lizards are oviparous, reproduc- 
ing by laying eggs. Others are viviparous, 
giving birth to living young. For many years 
it was believed that all the live-bearing liz- 
ards merely retained the eggs in the body 
until they hatched and that the young were 
not attached to the mother by means of a 
placenta. However, recent investigations 
have shown that in some species, such as 
the European skinks of the genus Chal- 
cides, there is a well-developed placenta 
between the embryo and the mother, 

The shells of lizard eggs are generally 
soft and pliable. In some cases, however, 
they are hard and brittle. The number of 
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eggs varies from one in some of the small 
geckos to more than 40 in so of the larg- 
er species of monitors and igs snas. Lizards 
belonging to the large fami sekkonidae 
have unusually consisten productive 
habits. With few exception se animals 
lay two eggs at a time. 

Lizards are not partic: good par- 
ents. Usually the mother de s her eggs 
in some secluded spot anc 1 goes off 
about her business, leaving t 228 to incu- 
bate unprotected. Some spe construct 
simple nests in the form « cavations 
beneath logs and stones. A f these liz- 
ards remain with the eggs, ting them 
throughout the incubation pe ind aiding 
in the process by keeping ti gs warm. 
They accomplish this by lc z the nest 
for short periods of time to | ) the sun, 
When sufficiently warm, ti eturn and 


coil their bodies tightly around ‘^e eggs. 
The yucca night lizard, usia vigil- 


is, of the southwestern Un tates and 
western Mexico gives birth ie or two 
young. The mother helps to he young 
out when it begins to em from her 
body, and she tears the en ng mem- 
branes from the newborn ar This be- 
havior indicates an unusual t F parental 
attention to the young. 

The Nile monitor of A and the 
black tegu of South Americ: ve solved 
the problem of incubating thei: eggs in an 
unusual fashion. Females of both species 
excavate holes in large termite nests above 
ground, and deposit their eggs there. The 
termites promptly fill in the holes, leaving 
the eggs securely covered. The eggs then 
incubate in the uniform warmth of the ter- 
mite house. 


When the embryo of an oviparous liz- 
ard is fully developed, it slits the egg shell 
with a special tooth, called the egg tooth, 
which is shed shortly after hatching. This 
tooth is single in all oviparous lizards ex- 
cept the geckos, which have two such 
teeth. Viviparous lizards usually do not 
develop egg teeth; the young lizards rip the 
fetal membrane with their claws. 


LIZARD FAMILIES AND SPECIES 
There are approximately 20 families of 


nce tect a | 


Hal H. Harrison, Audubon/PR 


s. Here is a brief description of 
(ant examples. 
G s, or gekkonids, make up the 


living | 


family konidae. They are mostly small 
noctu! inimals with soft skins. They are 
found cularly in eastern Asia, Africa, 
and Av lia, though a few species are na- 
tive to Americas. 

TI gers and toes generally have 
dilated vesive pads, enabling these liz- 
ards t nb easily on smooth surfaces. 
The ge can make their way up walls or 
even walk upside down on the ceiling of a 
room. They are often found in houses. 
They also live in trees and on the ground, in 
crevices. and in burrows. Most geckos have 
a voice, which ranges according to the spe- 
cies from a faint chirp to a loud squawk. 


Ski or scincids, form one of the 


largest lizard families, the Scincidae. They 
are found in great numbers in Australia, 
Africa, Asia, and various islands in the 


western part of the Pacific. There are also a 
few species in the New World. 

These lizards have flat, overlapping 
scales that give them a smooth and shiny 
appearance. There are many variations in 
structure. Some skinks have well-de- 
veloped limbs with five fingers and toes. 
Others have no legs at all. There are many 
intermediate stages between these two €x- 
tremes. 

Certain skinks are fair-sized. For ex- 
ample, the blue-tongued skink, Tiliqua 
scincoides, an inhabitant of Australia, 
Sometimes attains a length of 60 centime- 
ters. Other skinks are small. 

Lacertids are common lizards of the 
Old World, They are land-dwelling animals, 


Fence lizards hatching from 
their leathery egg cases. 


with well-developed legs and long tails. 
Most European lizards belong to this fami- 
ly, the Lacertidae. One of the commonest 
European species is the wall lizard, Lacerta 
muralis, found in the central and southern 
part of the continent. 

Teiids. The Teiidae are an American 
family of lizards, resembling somewhat the 
lacertids of the Old World. Most of them 
occur in South America. A few are found in 
the southern part of North America. 

One of the largest species is the black 
tegu, or teju, Tupinambis nigropunctatus, 
which lives in the tropics. It sometimes at- 
tains a length of one meter. Other large rep- 
resentatives of the Teiidae are the croco- 
dile lizard and the caiman lizard, mentioned 
earlier. In some of the smaller teiids, the 
limbs have been greatly reduced. 

Worm lizards (family Amphisbaeni- 
dae) are so-called because of their resem- 
blance to earthworms. They have con- 
cealed eyes and are without external ear 
openings. Almost all species lack external 
limbs. They burrow in damp, sandy places, 
building underground galleries, and rarely 
come to the surface. 

Monitors are large lizards that com- 
prise the family Varanidae. All members of 
the genus Varanus, they dwell in southern 
Asia, Australia, Africa, and parts of the 
Middle East. The limbs have five digits 
each, provided with powerful claws. Al- 
most all varanids are as much at home in 
water as on land. 

The largest monitor —as a matter of 
fact, the biggest of all lizards —Is the Komo- 
do dragon, Varanus komodoenisis. It is 
found on Komodo, an island of the Indone- 
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Isabelle Conant, Audubon PR 


Top: a blue tongue. This skink is a resident of Aus- 
tralia. Middle: a two-legged worm lizard from Mexi- 
co. Bottom: the poisonous Gila monster. 
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sian group, and on several 
that group. It has a lon; 
strong limbs, and a long t: 
varanid is the Nile monito 
cus, which may reach a | 
two meters. 

Poisonous lizards und in the 
family Helodermatidae re are two 
species: the Gila monster derma sus- 
pectum, of the southern | States and 


her islands of 
rked tongue, 
nother large 
anus niloti- 
h of almost 


northern Mexico and th ied lizard, 
Heloderma horridum, of \ ). The Gila 
monster has a heavy bo irked with 


black stripes against a 
background, and small 


sh or pink 
he beaded 


lizard is somewhat larg the Gila 
monster, It is named the on” (escor- 
pión, in Spanish) in the in regions 


where it occurs, 

Anguids are membi 
Anguidae. Some, such ; Indian liz- 
ards of the genus Diplo have well- 
developed legs. Membe the genus 


he family 


Ophisaurus, which occur rth Ameri- 
ca, Europe, and souther: have only 
Slight or no vestiges of |i ! are quite 
serpentlike. Hence the fi me Angui- 
dae: anguis means “snak atin. The 


s of Ophi- 
ecause the 
ik off into 
is handled 


American and European 
Saurus are called glass sn; 
tail is so fragile that it v 
several fragments if the r 
roughly. 

Iguanids, members of t mily Igua- 
nidae, are found chiefly the New 
World. They resemble th irds of the 
Old World family Agamidae. Most iguanids 
have small scales, often a crest on the back 
and tail, and sometimes a pronounced dew- 
lap (a flap of skin hanging from the throat). 
The common iguana, /ewana iguana, which 
dwells in Central and South America, is the 
largest species, reaching a length of up to 2 
meters. An arboreal creature, it favors trees 
that overhang the water. The marine igua- 
na, Amblyrhynchus cristatus, an inhabitant 
of the Galapagos Islands, is about a meter 
long. : 

The tropical American basilisk, Bast- 
liscus americanus, is a rather odd-looking 
member of the iguanid group. Its body 1S 
compressed horizontally, and it has a very 


$ 
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A double sted basilisk, a member of the iguana 
group. T lizard can run across water. 

long tail that looks much like a whip. In the 
males there is an unusually large crest. The 
basilis! ible to run across the surface of 
the water on its hind legs, using its long tail 
to balance itself. 

Some familiar members of the iguanid 
family are quite small. Among these is the 
fence lizard, Sceloporus occidentalis, a 
Spiny lizard found in the western United 
States. It has overlapping scales, with a 


small spine extending from the middle of 
each scale. 

The horned lizard, Phrynosoma cornu- 
tum, is popularly known as the horned toad. 
It is a ground-dweller. Its colors generally 
blend remarkably with those of the back- 
ground. The horned lizard occurs chiefly in 
the deserts of the United States and Mexi- 
co, though it is found in various other 
places. It is well protected by its armor of 
enlarged scales, or spines. The name 
“horned lizard” is derived from the horn- 
like protuberances on the back of its head. 
When disturbed, this lizard may squirt a Jet 
of blood from the eyes, sometimes for a dis- 
tance of 60 centimeters. 

Other familiar iguanids are the anoles, 


genus Anolis. They are found in the tropical 
and Semitropical areas of North and South 
America and especially in the West Indies. 
One species is sometimes called the Ameri- 
can chameleon because, like the true cha- 
meleon, it is able to change its color. It is 
not closely related to the true chameleon. 

Agamids, or members of the family 
Agamidae, are widely distributed in the 
Eastern Hemisphere and include some 
interesting forms. The flying lizards, or 
flying dragons of the genus Draco, living 
in southeast Asia and nearby island regions, 
are able to glide from branch to branch and 
from tree to tree. 

The frilled lizard, Chlamydosaurus 
kingi, is a tree-dweller found in New 
Guinea and northern Australia. Its frill 
consists of a large expansion of skin, sup- 
ported by rods of cartilage, on each side of 
the neck. Generally the frill is folded back 
on the neck and shoulders. When an enemy 
approaches, the frill is erected. At the same 
time the lizard opens its mouth wide. This 
awesome display often scares away the foe. 

Another curious inhabitant of Austra- 
lia is the moloch, Moloch horridus, a small, 
short-tailed animal. The moloch has promi- 
nent spines, particularly on the head just 
above the eyes. 

True chameleons comprise the family 
Chamaeleonidae. Particularly noted for 
their ability to change color, these lizards 
are found in southern India, Sri Lauka, The 
Middle East, Africa, and Madagascar. 
Most members of the family belong to the 
genus Chamaeleo. — 

A representative species is the com- 
mon chameleon, Chamaeleo chamaeleon. 
The body of this lizard is compressed from 
side to side. The eyes are set in turretlike 
structures and can be moved independently 
of each other. Each eye rotates in many 
directions until the lizard sights its prey — 
generally an insect. Then both eyes are 
focused on the victim. The long tongue is 
shaped like a club and has a sticky secre- 
tion at the tip. The chameleon approaches 
its prey slowly. When it is within striking 
distance, the long tongue suddenly shoots 
out and is as suddenly withdrawn, with the 
insect adhering to the sticky tip. 
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© Tom McHugh 1978/PR 
Most snakes are much handsomer and less danger- 
ous than people think. Some make fine pets. 


SNAKES 


Too many people think of snakes 
as slimy, ugly, dangerous creatures. But 
snakes are not slimy. Nor are they ugly. 
Many are strikingly handsome, with Stripes, 
bands, and blotches of brilliant colors. 
Many have gracefully tapering bodies. 

There are nearly 3,000 known species 
of snakes. Somewhat less than one third of 
the snake species possess poison glands, 
and only a small number of these are dan- 
gerous to people. Even these generally tend 
to shun humans, attacking or biting only 
when they consider themselves endan- 
gered. 

Many species of snakes are reckoned 
among our most valuable allies. Some prey 
on rodents that destroy grain crops and 
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other vegetation. Others f on insect 
pests. Others eat slugs and sr 
HOW SNAKES EVOLVED 

Snakes are reptiles be 1g to the 
order Squamata. They are c! elated to 
lizards and more distantly o croco- 
diles, alligators, turtles, and ious tua- 
tara of New Zealand. Appar hey have 
descended from some early popula- 
tion. 

The oldest known sna} il comes 
from Cretaceous deposits d: ck some 
100,000,000 years. This sn: 5 as spe- 
cialized as those of today, so us noth- 


ing of the early history of sna 
Some zoologists beli hat the 


snakes’ ancestors began to country 
where high grasses flourish re, legs 
would be almost useless for nd easy 
passage through the dense v on. Legs 
were gradually lost, and the became 
something like the so-called rakes of 
today —elongated lizards ive no 
limbs. 

According to another the an- 
cestors of snakes were un ind bur- 
rowers and their legs degen because 
of their mode of life. It is be that the 
eyes of these burrowing crea also de- 
generated. In time, when th s again 
began to live above ground, t! wers of 
vision re-evolved. In support theory, 
Scientists point out that the € f snakes 
are quite different from those of lizards and 
other animals. 

BODY FEATURES 
One of the most obvious features of 


snakes is their lack of limbs. Some of the 
primitive snakes still possess internal traces 
of hind limbs and pelvic, or hip, bones. All 
other serpents, however, entirely lack such 
vestiges. No snake has a breastbone for the 
attachment of forelimbs. 

The skull is of rather loose construc- 
tion to allow the upper and lower jaws great 
freedom of movement. The two halves of 
the lower jaw do not fuse in front but are 
Jointed by an elastic ligament. Numerous 
needle-sharp, backwardly curved, replace- 
able teeth stud the jaws. 


the body became longer in the 


cour f the snake’s evolution, the internal 
orga vere considerably affected. The 
hear r example, became an elongated 
orgé he gall bladder, instead of being 
emb d in the liver as is usual, came to 
lie fa- >ehind it. One lung degenerated to 
leav m for the other functional one. 

kes are covered with horny scales. 
The of the head may have large scales, 
call xad shields, or smaller scales. 
The iy also be large scales, known as 
chi! lds, on the underside of the head. 
Big plike scales, or scutes, run across 
the Scales may be either smooth or 
kee! that is, with a ridge over the center 
ofe 

color of scales is derived from 
nun s tiny bodies called chromato- 
ph Some chromatophores contain pig- 
mer jat are responsible for blacks and 
bro Others lack pigment but break up 
ligh to its various colors much as tiny 
pris vould. 


WE EVELOPED SENSES 


ause snakes are active predators, 


or ers, they need keen senses. Vision 
Sec o be very acute in all but the bur- 
TO\ types. The lens of the eye focuses 
act ely on objects at various distances 
within a comparatively limited range. This 
IS é ided asset for the hunter as it stalks 
Its y. The eyes have no lids but are 
capped with a transparent scale. Snakes 
that hunt by day have rounded pupils. 
Night roamers have vertically oval pupils, 


like those of a cat. 

rhe sense of smell is also highly de- 
veloped. A snake trails prey and recognizes 
others of its own species by means of this 
sense. The forked tongue helps the animal 
to smell. As the tongue flicks out, it picks 
up tiny particles on its tips. The tongue car- 
ries these particles to two small pits lying at 
the front part of the roof of the mouth. 
Branches of the olfactory nerve lead to 
these pits, which are lined with sensitive 
cells and form part of the smelling part of 
the nose. The tongue serves also as a deli- 
cate instrument of touch but seems not to 
have taste buds. 


D. Lyons/Bruce Coleman Inc 


Acobra hatches from its egg. Female snakes either 
lay eggs or bear their young alive 


Snakes seem to lack a sense of hearing. 
There are apparently no structures for re- 
ceiving air-borne vibrations. There are nei- 
ther external ears nor ear drums. However, 
the animals can readily pick up vibrations 
transmitted through the ground. 


HOW SNAKES MOVE 


The lack of limbs does not seem to 
handicap a snake particularly in moving 
from one place to another, It can negotiate 
fairly smooth or rough terrain, swim well, 
and climb trees. 

A snake may move by throwing its 
long form into horizontal waves, since its 
backbone is very flexible. Each curve push- 
es against obstacles—such as clumps of 
grass, shrubs, ridges on the ground, small 
stones, and so on—to force the body for- 
ward, Swimming is accomplished in this 
manner, too; the body curves push against 
the water. 

Another type of motion is the “cater- 
pillar” method: the snake crawls in a 
straight line by pushing the free edges of its 
belly scutes, which are powered by strong 
muscles, against irregularities on the 
ground. Scutes are useful, too, in climbing. 
So are the keeled scales found along the 
lower sides of the body of certain tree 


snakes. 
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A third type of motion is a hitching 
gait. The snake thrusts its front end for- 
ward, holds it steady, and then pulls the 
rear end along. 

Desert-living species, such as several 
African horned vipers and the sidewinder, 
or horned rattlesnake, of North America, 
progress by a method called sidewinding. 
The snake passes with ease over flat, sandy 
ground in a sidewise direction. As it moves, 
the animal’s body contacts the ground only 
at several places at any one moment, each 
part of the body flowing through an S- 
shaped curve above the ground as the body 
is transferred from one of these contact 
points to the next. 

The apparent speed of a snake is de- 
ceiving. Actually the fastest snakes proba- 
bly cannot move more than five or six kilo- 
meters an hour, and this speed cannot be 
maintained for any length of time. 


ATTACK AND DEFENSE 


Snakes capture and subdue their prey 
in various ways. Sometimes the animal 
simply grasps the victim in its jaws and 
swallows it immediately. Such prey as in- 
sects and their larvae, worms, snails, fish, 
salamanders, frogs, and toads are easily 
handled in this way. Other prey is held to 
the ground until its struggles cease by a 
loop of the snake’s body. 

Some snakes subdue the prey by con- 
striction. They throw several coils around 
the victim's body and begin to squeeze. As 
the prey exhales, the coils tighten so that 
fresh air cannot be breathed in. Death 
comes quickly to the victim. The constric- 
tor does not break bones nor crush its vic- 
tim toa pulp. 

The most striking manner of killing, 
perhaps, is by poison. Venom is introduced 
into a wound by poison-conducting teeth, 
or fangs. 

The size of a snake roughly determines 
the size of the prey it will eat. However, 

animals several times as large as the ser- 
pent’s girth are readily swallowed. The 
snake’s teeth firmly seize the victim. Since 
these teeth are curved backward, the only 
path the prey can take is inward—that is, 
down the snake’s gullet. The lower jaw of 
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the snake is loosely attached to the skull so 
that the mouth can be held wide open. The 


throat is very elastic and each side of the 
upper and lower jaws can move indepen- 
dently. The snake literally draws its mouth 
over the prey. Each side o! the upper and 
lower jaws in turn release hold, moves 
forward a little, and then fast again, 
The snake solves the difficu F breathing 
while struggling with suc! mouthful by 
thrusting out the end windpipe 
between the separated ha of the low- 


er jaw. 


A snake can go with meal fora 


considerable period of timi ce itis less 
active than an energetic | al, it does 
not burn up its food so qui: But it can- 
not do without water for an ath of time. 
It drinks by thrusting the part of its 
head into the water and su up the wa- 


ter by contractions of the t, in much 
the same way as a horse does 


If threatened with danger. a snake dis- 
plays the defensive behavio uliar to its 
species. The great majority nakes will 
not attack people; cobras are notable ex- 
ception. The harmless bl nakes will 
occasionally threaten an attack when dis- 
turbed during the mating sea 
HIBERNATION 

Unlike a bird or mammal, a snake can- 
not keep its body at a constant temperature. 
Usually its body heat is about one degree 
above or below the temperature of its sur- 


roundings. Consequently, a snake does not 
live long when exposed to the direct rays of 
a summer sun or when the temperature 
drops below the freezing point : 

In temperate regions, snakes avoid 
extreme cold by hibernating. During early 
autumn they seek out a place where they 
will be protected from winter's freezing 
temperatures. This may be in a den on the 
side of a mountain, reached by fissures in 
the rocks, or it may be under a pile of rocks 
or in the base of a hollow tree. There they 
pass the winter in a state of dormancy. 

Often, several species hibernate t0- 
gether, as is the case with the copperheads. 
timber rattlesnakes, and pilot black snakes 
of the northeastern United States. 


A garter snake and her 29 
offsp: The young are 
born the eggs hatch 
withi mother's body 


MAT iG AND REPRODUCTION 


iring the first warm days of spring, 


snakes begin to emerge from their winter 
quar’ rs. They do not roam far at first, for 
the chilly spring nights send them back to 
their retreats. Before the snake population 
spreads too far away from the hibernation 
area. the males seek out the females for the 
purpose of mating. 

t is rather difficult to tell the sexes 
apart by their external appearance. Gener- 
ally the females are longer and plumper. 


The males have a longer tail, and the tail 
has a stouter base. 

\pparently male snakes discover the 
whereabouts of a female by the sense of 
smell. The female gives off an odorous sub- 
stance from her skin as she crawls along. 
The male picks up the trail in his wander- 
ings and follows it. 

Courtship behavior varies with dif- 
ferent species. The male water snake, for 
example, rubs his chin along the back of his 
mate; so does the male garter snake. The 
whip snake male gives chase to the female, 
which dashes over rocks, through ponds, 
and over bushes. When the male finally 
overtakes his mate, each crawls through the 
coils of the other. Then each animal raises 
the front part of its body, holding its head 


John Gerard 


close to that of its mate, but keeping the 
portion below the head well away. The pat- 
tern formed thus by the animals is strikingly 
like the shape of a lyre. The snakes main- 
tain this figure as they move. This dance 
may last for more than an hour before mat- 
ing occurs. 

Female snakes either bring forth their 
young alive or lay eggs. Those that produce 
live young do so during late summer or ear- 
ly fall. Some species retain eggs until they 
hatch inside the body. Others seem to nour- 
ish their embryos, or developing young, 
more or less after the fashion of mammals. 
The gestation period, or time between fer- 
tilization and the birth of the young, is not 
known. 

Each young of live-bearing species 
emerges from the mother’s body enclosed 
in a thin membranous sac. This sac is rup- 
tured by the newborn snake, which is now 
completely capable of taking care of itself. 
The mother shows no interest whatsoever 
in her offspring. 

Egg-laying snakes lay their eggs during 
the summer in places where moist heat is 
available, such as manure piles, rotting 
vegetation, and holes in embankments, 
Most snakes abandon the eggs after laying 
them. Female pythons, however, coil about 
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their eggs to incubate them. The python’s 
body temperature is several degrees higher 
at this time than is normal under other con- 
ditions. 

Snakes eggs are white or cream col- 
ored. The shells are composed of several 
layers of tough, threadlike fibers. The 
young snakes usually hatch out during the 
late summer. Each little snake cuts its way 
through the shell by means of an egg tooth 
at the front of the upper jaw. 

The number of young produced by 
snakes varies from species to species. The 
tiny De Kay’s snake bears about 14 live 
young; the red-bellied snake about 7. The 
worm snake lays 2 to 5 eggs, and the ring- 
necked snake, | to 7 eggs. Certain snakes 
are exceedingly prolific. A female common 
garter snake is recorded to have given birth 
to 78 young at one time, and a common 
water snake to 76. 


GROWTH AND MOLTING 


Apparently snakes keep on growing as 
long as they live. Young snakes generally 
double their length in the course of the first 
year of life, but the rate of growth dimin- 
ishes as the animal matures. The amount of 
food eaten and the temperature of the sur- 
roundings have much to do with growth. 
Snakes that hibernate grow little, if at all, 
during the dormant period. 

As snakes grow, they periodically 
shed, or molt, their skins. The serpent ac- 
tually crawls right out of its skin, which 
peels off inside out. This skin represents an 
old layer of cuticle, or outer skin, that has 
been replaced prior to shedding by a new 
cuticle layer. 

About ten days before molting, the 
snake’s eyes become milky or smoky in 
appearance and the body colors are dull. 
Then the eyes clear again. The cuticle 
begins to peel back from the edges of the 
lips. The snake rubs its head against stones, 
bark, or other rough surfaces to help push 
the skin back over the head. By muscular 
contractions and more rubbing, the snake 
quite quickly frees the rest of its body from 
the skin. It emerges with fresh and brilliant 
colors because of the transparency of the 
new cuticle. 
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It is difficult to determine accurately 
how long a snake lives in its natural envi- 


ronment. Records of captive specimens 
indicate that the anaconda lives 28 years, 
the common boa 23 years, ‘he common 
viper of Europe 22 years, the » ater mocca- 
sin 21 years, the cobra and rattlesnake 13 


years, and the garter snake |! years, 
WHERE SNAKES ARE FOUN! 


Snakes are found throug! the tropi- 
cal and temperate regions i\e world, 
Only the extreme northern southern 
parts of the globe, the Haw | Islands, 
Ireland, and New Zealand are vce of native 
varieties. Snakes are hardy anv) !s and will 
live wherever they are abl hibernate 
underground below frost les uring win- 
ter. The tropics contain the test num- 
ber of serpents, but temperat ions also 
contain many species. 

Some snakes are burrov spending 
the greater part of their lives underground. 
Their heads are wedge shaped or conical 
for penetrating the earth ground- 
dwelling snakes may be either heavy 
bodied or slender in shape often go 
underground by way of crevic } rocks or 
burrows made by other animals They can 
also climb bushes and trees swim in 


case of necessity. 
NONPOISONOUS SNAKES 


Blind snakes. These serpents make up 
two families. Members of the family Ty- 
phlopidae are small, burrowing serpents, 
widely distributed over the New and Old 
World tropics. They look much like worms, 
having a blunt, rounded head and a short, 
stumpy tail. They possess rudimentary hip 
bones and rear limbs, which are hidden 
beneath the skin. The upper jaw carries 
very tiny teeth. The eyes are small and are 
concealed beneath scales. The body scales 
are smooth and shiny. These creatures re- 
present the only serpents on many isolated 
islands. : 

Typhlopids live underground, eating 
worms and insect larvae. Sometimes they 
invade termite nests and feed on the inhabi- 
tants. They lay eggs in underground bur- 
rows. 


Members of the family Leptotyphlopi- 
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uite similar in appearance and hab- 
typhlopids. However, they have 
ly in the lower jaw. These blind 
e underground in semiarid areas 
ne moisture occurs and rocks and 
ire plentiful. Sometimes workers 
1 while excavating for pipelines 
> foundations. 
otyphlopids, which use the head 
. come to the surface in the early 
ind crawl about flicking out the 
id aiding their motion by pushing 
pine at the end of the tail. They 
ely harmless, never attempting to 
| picked up. Most members of this 
e tropical. They are found in the 
. Africa, and southwest Asia. 
Serpents of the family Boidae 
ngly handsome creatures, varying 
m very large species to small ones 


not exceeding 60 centimeters in length. 
They are, for the most part, arboreal 
creatures with prehensile tails. A few are 
ground dwellers and burrowers. 

Boas are primitive snakes possessing 
two well-developed lungs and vestiges of 
pelvic bones. Hind limb bones are also pre- 
sent. They end in spurlike appendages that 
emerge from the side of the body at the 
base of the tail. The male uses these spurs 
to strike the back and sides of the female 
during courting. Boas have large curved 
teeth in both upper and lower jaws. They 
are strongly muscled animals. They kill 
their prey—birds and mammals—by con- 
striction, coiling around the prey animal so 
tightly that it is unable to breathe and dies 
of suffocation. The young are born alive. 

The largest boa is the South American 
anaconda, Eunectes murinus, which may 
grow toa length of 7/2 meters. Semiaquatic 


jiamond-back rattlesnake ready to strike. Most rattlers are found in the western 
es. Their large size and vibrating “rattle” make them highly conspicuous. 
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in habit, this snake preys upon water fowl, 
young tapirs, and large rodents such as 
agoutis and capybaras. 

The common boa, Boa constrictor, of 
South America is a tree dweller measuring 
only 32 meters at most. Close relatives of 
this serpent inhabit Central America and 
Madagascar. The Central American spe- 
cies will strike repeatedly and hiss loudly 
when annoyed. 

Another group includes the slender- 
bodied Cuban boa, the Bahaman boa, and 


A common water snake at home in the water. These 
snakes are excellent swimmers. They prey on fish. 


Jock Dermid from National Audubon Society 


The small ring-necked snake belongs to the Colu- 
bridae serpent family. This snake is a burrower 
that usually lives under stones and debris. 


New York Zoological Society Photograph 
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the beautifully iridescent raint 
crates cenchris, which lives 
South America. 

The sand boas (Eryx) of ^ 


w boa, Epi- 
entral and 


rth Africa, 


southeast Europe, and sout} \sia and 
the rubber boa (Charina) e western 
United States are burrowin \b-colored 
snakes with small heads eyes, and 
stubby tails. The harmless rnia boa, 
Lichanura roseofusca, coil a ball if 
disturbed. 

Pythons. Snakes of the Pythoni- 
dae resemble boas but hay xtra bone 
in the skull above the eye family in- 
cludes the longest snake ir rld —the 
reticulated, or regal, pythor n reticu- 
latus, of southeast Asia and lay Pen- 
insula. A length of ten met been re- 
corded for the species, but ir above 
average. Close relatives arı dian and 


African rock pythons, wh v to 72 


and 6 meters respectively diamond 
and carpet pythons of Au have an 
average length of 2/2 meter 

Africa has a small bu: python 
(Calabria) and the ball pyi vhich at- 


The ball 


tains a length of about 1/2 | 
re if it is 


python curls itself up into 
frightened. 


Most members of the fa Pythoni- 


dae prefer to roam at night wre excel- 
lent climbers. They are gene found in 
the vicinity of water. Fem lay eggs, 


ythons are 
ind ante- 


which they brood. The large 
capable of swallowing small g 
lopes and medium-sized pigs 

Burrowing snakes. The Ise coral 
snakes (family Anilidae) of So America 
and much of southeastern Asia are a small 
group of harmless burrowing serpents with 
cylindrical bodies. They have vestigial pel- 
vic and hind-limb bones and clawlike spurs 
at the base of the tail. These serpents may 
reach a length of almost a meter 

The shield-tailed snakes of southern 
India and Ceylon comprise another small 
family (Uropeltidae) of burrowers. They 
are related to the false coral snakes but lack 
hip and hind-leg bones. These are small 
snakes with moderately stout bodies: small 
eyes: smooth, glossy scales; and a flat 
Shield at the tip of the tail. 


Another burrowing snake is the mud 


snake, which is found in southeastern Asia. 
It bel to the family Xenopeltidae. 

R snakes. Snakes of the family 
Achre rdidae inhabit fresh and brackish 
wate! often swim out to sea. The nos- 
trils et on the top of the snout; the 
body heavy and rather flabby; and the 
scale sranular and do not overlap. One 
speci vertically flattened and carries 
a fol , the belly that functions as a fin. 

snakes are excellent swimmers 
and ipon fish. A single species is na- 
tive ntral America. The others live in 
sout} rn Asia, the Malay peninsula, 
and r island areas. 

non” snakes. The largest fam- 
ily « ikes—the Colubridae —includes 
the t | harmless Old and New World 
snak vhich occur in all types of habitats. 
The »wers are cylindrically shaped, 
have vt or cone-shaped heads and, 
usual smooth scales. The serpents 
that im about over the ground are 
gene! ong and moderately slender, with 
a dis neck and a long tapering tail. 
Semi ic species are usually stout- 
bodic 1 the scales are keeled. Arboreal 
form exceedingly slender with elongat- 
ed he nd prominent eyes. 

I urrowers of the Colubridae fami- 
ly in the rainbow snake (Abastor), 
mud ke (Farancia), western ground 
snake ;Sonora), hook-nosed snake, (Fi- 
cimia hog-nosed snake (Heterodon), 
worm snake (Carphophis), and banded 
sand snake (Chilomeniscus). Usually they 
are secretive animals. They feed largely 
on salamanders, toads, frogs, earthworms, 
insects, and spiders. The small ring-necked 


snake, Diadophis punctatus, lives beneath 
Stones and debris. 

Among the more active members of 
the Colubridae are the green snakes 
(Opheodrys), the graceful black snakes, 
racers, and whip snakes (Coluber), indigo 
snakes (Drymarchon), patch-nosed snakes 
(Salvadora), leaf-nosed snakes (Phyl- 
lorhynchus), rat snakes (Elaphe), bull, 


The Cuban racer snake. These active snakes are 
Not poisonous 


Jock Dermid from National Audubon Society 
The elongated corn snake, climbing up the trunk of 
a loblolly pine tree. Many snakes are good climb- 
ers, and some are wholly arboreal. 


New York Zoological Society Photograph 
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New York Zoological Society Photograph 


The long-headed tree snake is an expert climber. It 
preys on young birds. 


pine, and gopher snakes (Pituophis), and 
king snakes ( Lampropeltis). These ser- 
pents are terrestrial, though most of them 
sometimes climb into bushes and trees. 
Many are nocturnal. All whose breed- 
ing habits are known lay eggs. The smaller 
species eat insects, frogs, salamanders, 
and lizards. The larger ones prey on ro- 
dents. The rat snakes, bull snakes, and 
king snakes constrict their prey. Bull 
snakes destroy great numbers of rodent 
pests; king snakes devour other serpents, 
both harmless and poisonous varieties. The 
indigo snake, pilot black snake (one of the 
rat snakes), and bull snake are the largest 
harmless serpents in the United States, 
growing to a length of 2 to 22 meters. 

The whip, or tree, snakes (Leptophis) 
of tropical America are completely arbo- 
real. They appear almost like vines when 
they loop their coils around a branch. Liz- 
ards and tree frogs make up their diet. 

The widely distributed Colubridae 
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known as water snakes ma 
Natrix. They keep clos 
streams and lakes, wher 
aquatic animals. The fen 
their young alive. Clos 
common garter snakes 
North America. These 
most abundant of all se: 
found in a variety of loc 
earthworms and frogs 


up the genus 
) freshwater 
ey prey on 
bring forth 
ikin are the 
mnophis) of 
robably the 
s. They are 

hunting for 


The De Kay’s and llied snakes 
(Storeria) are diminutive tives of the 
water and garter snak ie little De 
Kay’s snake, which feed lugs, snails, 
worms, and insect larvac urs in areas 
that other snakes have ibandoned, 


such as vacant lots and b ds. 


The Colubridae that ive just de- 
scribed show a variety vior when 
annoyed, The rainbow iud snakes 
push the sharply pointed t the end of 
the tail against an attacke hog-nosed 
snake flattens its body s its head, 


If it cannot 
iy, the little 
rolls on its 
ngue hang 


hisses, and strikes repeat: 
discourage an attacker in t 
snake writhes in apparent 
back, and goes limp, lettir 
out ofits partially open mo ¢ 
Whip, rat, king, and | kes vibrate 
their tails, Some hiss fi The leaf- 
nosed ke hisses and es from a 
coiled position. Water an rter snakes 
flatten the body and smear round with 


the ill-smelling secretion their anal 
glands. Tree snakes threaten by i oponi 
the mouth and weaving the d from side 


to side. A number of these species bite, but 
the scratches they may make are harmless 
to people unless infection sets 

Slug-eating snakes. Snakes of the 
family Amblycephalidae are unique arbo- 
real serpents of tropical America and east 
Asia. Their heads are chunky and their 
eyes large. The bodies are slender and the 
necks exceedingly thin. Since their mouths 
cannot be opened wide, they feed exclu- 
sively on small prey, such as slugs am 
insect larvae. i 

The egg-eating snake. Dasypeltis sca 
ber is the only species in the family Dasy- 
peltidae. It feeds exclusively on eggs: ar 
accordian-pleated mouth lining and 


stretch ole throat allow this little snake to 
swallow eggs that are three or four times 
the diav eter of its body. Spiny projections, 
which += modified processes of the snake’s 
neck b ..¢s, penetrate the gullet. As the egg 


goes down the gullet, it is cut open by 


these jections. The snake compresses 
its thr muscles and the egg contents go 
into stomach. The egg shell is then 
ejecte »m the mouth. This African snake 
eats voraciously during the bird- 
nestir ason. It lives on stored fat the 
rest o time. 
POISO’ OUS SNAKES 

7 venomous serpents have de- 
velop most effective method for subdu- 
ing p they inject poison by means of 
enlar erooved or tubular fangs. Modi- 
fied s ry glands, which produce the poi- 
son, ocated in the tissues of the head 
beloy | to the rear of the eye. Ducts lead 
from glands to the poison-conducting 
fangs. se fangs are sometimes at the back 
of the south, sometimes at the front. 

venom that is injected through the 

fangs «iiher destroys red blood cells and 
brea own blood capillaries, producing 
heme ge, or works on the nervous sys- 
tem cting in particular the centers that 
cont breathing and heartbeat. Rear- 
fanged snakes possess blood-destroying 
venons, as do vipers and pit vipers. Coral 
snakes, sea snakes, and cobras and their al- 
lies produce nerve-affecting poisons. The 


venom of rattlesnakes affects both the 
blood and the nervous system of their prey. 

The rear-fanged snakes, which are 
widely distributed, are generally only mild- 
ly poisonous. Since their grooved fangs, 
which lie at the rear of the upper jaw, are 
not easily brought into play, these snakes 
are not considered dangerous to mankind. 
Frogs, lizards, small birds, and mice are 
their principal fare. Prey is seized and held 
firmly well back in the mouth until the pol- 
son has had its effect. 

Rear-fanged families. The largest fam- 
ily of rear-fanged snakes is the Boigidae. 
Certain members of this group closely re- 
semble, in habits and appearance, the non- 
poisonous racers, whip snakes, king 


snakes, and slug-eating snakes. The Afri- 
can boomslang, Dispholidus typus, has a 
very toxic venom. It threatens by inflating 
its windpipe, thus compressing its neck so 
that is spreads vertically. The “flying” 
snake, Chrysopelea ornata, of southeast 
Asia can expand its ribs and draw in the 
belly. In this way it produces a surface that 
allows it to glide downward from consider- 
able heights. The tropical American mus- 
surana, of the genus Pseudoboa, kills prey 
by constriction, often attacking and subdu- 
ing the large pit vipers of the region. 

The rear-fanged water snakes (family 
Homalopsidae) of southeastern Asia and 
nearby islands are stout bodied and have 
nostrils on the top surface of the snout. 
They are similar in habit to the nonpoison- 
ous river and water snakes. 

The rear-fanged egg-eating snakes 
(family Elachistodontidae) of India, like the 
colubrid Dasypeltis, have projecting spines 
in the throat for cutting egg shells. 

Cobras and their relatives. Among the 
most deadly of the front-fanged serpents 
are the highly poisonous cobras, kraits, 
mambas, and coral snakes (family Ela- 
pidae). Most of them resemble racers 
and whip snakes in outward appear- 
ance. Their fangs are grooved teeth whose 
groove edges meet so as to form a tube. 
New fangs continually replace the older 
ones. Usually these snakes seize their prey 
and inject the venom into the wound as 
they chew. 

The king cobra, Ophiophagus hannah, 
of southeastern Asia is considered the 
world’s most dangerous snake, not only 
because its venom is so potent but also 
because it is agressive and large, attaining a 
length of 52 meters. It feeds almost exclu- 
sively on other snakes. The female lays 
from 21 to 40 eggs in a nest made by push- 
ing leaves or other debris into a pile. She 
remains close by to guard the eggs. 

The Indian, or spectacled, cobra, Naja 
naja, is a jungle or open-field dweller, prey- 
ing upon rodents, frogs, birds, and other 
snakes. When annoyed, the serpent erects 
the front third of its body and expands the 
larger ribs below the neck upward and out- 
ward, The skin stretches over this frame- 
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work to form the so-called hood. The snake 
hisses and occasionally ejects two streams 
of venom, apparently aiming for a foe’s 
eyes. The ability to “spit” venom is due to 
the fangs, which are adapted for directing 
the venom forward and out of the mouth. 
The African ringhals, Hemachatus 
hemachatus, and the black-necked cobra, 


The t ance of the 


Indiar When an- 
noy i spreads its 
spect 1. It often 
Spits the eyes of 

an att 
time, these serpents attac le. In habit 
they are semiarboreal, g through 
bushes and small trees h of birds 
and hunting small mammal! e ground. 
The coral snakes ar: burrowers, 
living in the American tre d subtrop- 
ics. Similar snakes are { n the Old 
World. Coral snakes are lly inoffen- 
sive creatures, but occasi will bite. 


Naja nigricollis, are even more notorious 
as spitters. The African water cobras 
(Boulengerina) are Stoutly built and lead a 
semiaquatic existence, feeding on fish. 

Kraits make up the genus Bungarus. 
They dwell in southeast Asia and are non- 
aggressive, never attempting to bite unless 
stepped on or handled. They have a small 
head, blunted nose, and smooth, lustrous 
scales. A ridge runs along the top of the 
body from neck to tail. These night hunters 
devour frogs, toads, small mammals, and 
other serpents. 

The mambas (Dendroaspis) are very 
active, swiftly gliding serpents of Africa. 
The dark olive or green body is elongated 
and extremely slender. The head is narrow 
but distinct from the neck. The slender 
fangs are advanced farther than those of 
other Elapidae, and the venom is highly 
potent. Infrequently, perhaps at mating 
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the scales 
najority are 
>d. Lizards 
iet of coral 


The head is small and blur 
are smooth and glossy. T 
ringed with black, yellow, : 
and small snakes form th 
snakes, y 

The poisonous snakes of Australia all 
belong to the family of the Elapidae. The 
smaller forms are inoffensive or secretive, 
but three of the larger species —the black 
snake, tiger snake, and death adder —can be 
exceedingly dangerous. The black snake 
(Pseudechis), a 1¥2-meter-long racerlike 
Serpent, spreads its neck horizontally when 
angered. The highly venomous tiger en 
(Notechis) is quick to take offense an 
strikes savagely. The death adder (Acan- 
thophis) resembles a viper, having a wide 
head and thickset body. These three 
Serpents prey on lizards, frogs, and mam- 
mals, and bring forth living young. 


Sea snakes. Snakes of the family Hy- 
drophidae are aquatic serpents related to 
coral snakes and cobras. Though highly 


venomous, they are docile, inoffensive 
creatures. They use their venom to benumb 
fish prey, some species preferring eels. 


rhe head is indistinct from the neck. 
ils, which can be closed by a flap. 
so as to exclude water, are on the 
e snout. The tail of the sea snake is 
ertically and resembles an oar. 
species—the yellow-bellied sea 


snake lamis platurus —is found in tropi- 
cal waters of the Western Hemisphere, 
occu : as far north as the Gulf of Cali- 
fornia, All other members inhabit Indian 
Oce: id western tropical Pacific coastal 
wate Most Australian-area sea snakes 
lay e ill others bear live young. 

5. Vipers are Old World serpents 
that e up the family Viperidae. They 
are rule, comparatively stout-bodied, 
with de heads. The tubular poison- 
conducting fangs are attached to very short, 
hinged upper jaw bones. When the mouth is 
closed, the enlarged fangs lie in a horizontal 
positon against the roof of the mouth. As 
the mouth opens in striking, the jaw bones 
rotate forward, bringing the fangs into full 
play. Muscles contract to squeeze venom 
into the fangs as they sink into the prey. 


f the European vipers, the common 
viper, or adder, Vipera berus, is the only 
poisonous serpent in the British Isles. It 
ranges farther north than any other known 
venomous snake, being found in Norway, 
Sweden, Finland, and Siberia. 

Of the Asian vipers, the 1'2-meter 
Russell's viper, Vipera russelli, is con- 
sidered one of the more dangerous. j 

Africa is the headquarters of the vi- 
pers. The vividly patterned puff adder, ga- 
boon viper, and rhinoceros viper, all of the 
genus Bitis, are outstanding representa- 
tives. They are chunky creatures with very 
broad heads and short, abruptly tapering 
tails. Other African vipers include the bush 
vipers (Atheris), which have prehensile 
tails; the slender and secretive burrowing 
vipers (Atractaspis), and the desert-living 
sand and horned vipers. 7 

Normally vipers are nonaggressive; 


usually they hiss when threatening. They 
prey mostly on small mammals and lizards, 
but often eat toads and frogs. 

Pit vipers. Snakes of the family Cro- 
talidae have a special organ that opens by 
means of a pit, or chamber, on the side of 
the head below and in front of the eye. This 
organ, lined with sensory tissue, serves to 
detect the body heat given off by the 
snake’s prey. Thus, it aids the snake in 
locating the direction and distance of the 
prey and directs the snake’s strike. 

Pit vipers usually strike the prey with a 
lightning thrust and then draw back to let 
the venom do its work. If the prey moves 
off to a distance before dying, the snake 
tracks it down through its sense of smell. 
Many pit vipers threaten a foe by coiling 
the body and arching the front end in an S- 
shaped loop. The water moccasin threatens 
by exposing its white mouth lining. 

The majority of pit vipers inhabit the 
Americas, but a few species occur in south- 
eastern Asia and nearby islands. The bush- 
master, Lachesis mutus, which differs from 
other American pit vipers by laying eggs, is 
an agile, large serpent of the tropical Amer- 
ican forests; it is 2/2 to 3 meters in length. 
The fer-de-lance, Bothrops atrox, another 
tropical American species, is a common, 
highly venomous snake, which may attain 
212 meters. Relatives of the fer-de-lance 
include the arboreal palm vipers, the 
chunky jumping vipers, and the slender 
hog-nosed vipers. f 

Copperheads, water moccasins, and 
rattlesnakes are pit vipers that have re- 
ceived wide notoriety in the United States. 
The richly colored copperhead and the 
semiaquatic moccasin of the genus Agkis- 
trodon are heavy-bodied serpents of the 
eastern states. The rattlesnakes (Crotalus) 
and pygmy rattlers (Sistrurus) are unique 
among snakes in possessing a rattle at the 
end of the tail. This curious device consists 
ofa series of dry, horny segments built up, 
segment by segment, when the snake sheds 
its skin. When the rattler vibrates its tail, 
the segments strike against each other, giv- 
ing the characteristic buzzing sound, or rat- 
tle. This is not intended to give warning, but 
is a display of annoyance. 
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TURTLES 


Turtle, tortoise, terrapin—how do you 
tell one from the other? Traditionally, those 
species that live on land have been called 
tortoises. Those living in water have been 
known as turtles. And any species used for 
food has been called a terrapin. But as far 
as biologists are concerned, these are false 
distinctions. All the species are turtles. Pe- 
tiod. Which makes life a bit simpler for the 
rest of us. 


A SHELL OF BONY PLATES 


The turtles belong to the reptilian or- 
der Chelonia. In most species there is a 
hard shell consisting of bony plates covered 
by a layer of tough scales. Underneath this 
plating lie the ribs. Since they serve only to 
stiffen the shell, they are found fused to the 
top shell, or carapace. They do not encircle 
the body as they do in most vertebrates. 

The spine of the turtle has likewise 
undergone modification. In the region of 
the shell many vertebrae have been lost, 
Others have been fused into a single tube 
for the length of the carapace. With the 
development of the shell, the spine lost its 
Supporting function and now serves solely 
to encase the nerve cord. 

The presence of the shell results in 
other abnormalities, In all other backboned 
animals, the pectoral and pelvic girdles lie 
outside the main, or axial, skeleton. In the 
turtle, the growth of the shell is so rapid, 
and its influence on the ribs so great, that 
the normal order is reversed. The bones 
that support the limbs, fore and aft, are en- 
tirely enclosed within the central skeleton. 

The rigid shell has also caused a modi- 
fication in the breathing of the turtle, Rep- 
tiles, like other land vertebrates, normally 
breathe by expansion and contraction of 
the rib cage. In the turtle this is not possi- 
ble. The function of expanding the lungs is 
taken over by the flank (side) muscles. In 
many aquatic turtles, sensitive patches of 
skin in the lining of the throat are special- 
ized to absorb oxygen from the water, Al- 
though these patches do not supply the en- 
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tire needs of the animal, the 
stay submerged for hours. 


© enable it to 


COLD-BLOODED AND SL 3H 

Turtles vary greatly size. The 
weights of adults range fro ss than one- 
half of a kilogram for som cies to 700 
kilograms in the case of th int leather- 
back turtles. In general, the “saviest spe- 
cies are aquatic. A huge bod it would be 
unwieldy on land may pro ile when its 
weight is supported by wat many spe- 
cies, the female weighs s il times as 
much as the male. 

In general, compared t >r land ver- 
tebrates, the turtle is dull sluggish. It 
engages in only a fraction « activity of 
a mammal of comparable ts food and 
oxygen consumption are spondingly 
small. For example, a 4/4 ram South 
American land turtle can r dly satisfy 
its entire food requirement four weeks 
with 180 grams of banan mpare this 
with the amount of food « umed by a 
warm-blooded animal of lar weight, 
such as a small dog. 

Turtles feed on the ‘r parts of 
plants and on small, slow ing animal 
life. Lacking teeth, the turtles cannot eat 
tough, fibrous plants. And their slowness 


generally prevents them »m_ actively 
pursuing fast-moving creatures s 

As one might expect of such a sluggish 
animal, the turtle protects itself from its 
enemies passively. In some species, the 
turtle withdraws its body in its shell and 
clamps upper and lower parts together. The 
fact that its normal respiratory rate is s0 
low enables it to survive in this suffocating 
position for hours. It outwaits its enemy. 

It should be pointed out that turtles, like 
Other cold-blooded animals, cannot survive 
in really cold climates. Since the body tem- 
perature of the turtle is usually about that 
of the outside air or water, a very cold en- 
vironment will cause the life processes to 
slow down to a point where the animal is 
incapable of motion. 


The mating habits of the turtle follow 
the usual reptilian pattern. Copulation is 
generally unaccompanied by a complex rit- 
ual, though some male land turtles pound 
their mates, using their bodies as battering 
rams. This is accompanied by loud roars. 

The eggs are laid shortly after copula- 
tion. The ale then buries and abandons 
them. As soon as the baby turtle is hatched, 
it must be able to fend for itself. 


CLASSIFICATION 


The order Chelonia includes approxi- 
mately 250 species of turtles, which are di- 
vided into two suborders: Cryptodira and 
Pleurodira. Most species are classified as 
Cryptodira. The snake-necked and side- 
necked turtles comprise the Pleurodira. 


SEA TURTLES 


Most sea turtles belong to the family 
Cheloniidae. The most commercially valu- 
able species is the green turtle, Chelonia 
mydas, which is the main ingredient in tur- 
tle soup. Like many other sea turtles, green 
turtles are quite large, sometimes reaching 
weights of 225 kilograms. They are often 
found sunning themselves on beaches and 
rocky ledges. 

Because their eggs as well as meat are 
taken as food, green turtles are in danger of 
extinction. Efforts to protect them and to 
increase populations have not been very 
Successful because we do not yet know 
enough about their nesting grounds, migra- 
tory habits, and breeding behavior. 


A common North American 
turtle—the snapper. This 
turtle is quite aggressive on 
land. 


The largest of the sea turtles is the 
leatherback, Dermochelys coriacea, which 
makes up the family Dermochelidae. Be- 
Cause of its tough, leathery hide, the leath- 
erback is thought to be the most primitive 
of the modern turtles. The hide, in which 
pieces of bone are embedded, is considered 
by evolutionists to be closely related to the 
original bony shell of the ancestral turtles. 

Though basically tropical creatures, 
leatherbacks are found in all parts of the 
world with the exception of the arctic re- 
gions. At home in the water, they are ex- 
ceedingly clumsy on land. 

As with most aquatic turtles, the fe- 
male leatherback is particularly vulnerable 
when she emerges from the water to lay and 
bury her eggs. She camouflages herself by 
heaping sand upon her back as she starts to 
crawl out of the water and onto the beach. 
When the nesting spot is reached, a large 
hole is dug and the eggs deposited in it. Af- 
ter the eggs are buried, the female paws 
over the surrounding area so that they can- 
not be found readily. She leaves a heavy, 
musklike odor in the vicinity; this causes 
the slight odor of the eggs to be masked. 
Once all this is done, the female heads back 
to the sea, leaving the young entirely on 
their own. 

SOFT-SHELLED TURTLES 

These odd creatures belong to the fam- 
ily Trionychidae. After having taken mil- 
lions of years to evolve a hard shell and the 
anatomical peculiarities that go with it, the 
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Trionychidae proceeded to lose the shell 
while retaining most of the characteristic 
turtle features. Why or how this happened 
is not completely understood, but we do 
know that the soft-shelled turtles are more 
active and mobile than the other groups. It 
is said that they strike with the speed of a 
snake and move with the agility of a mam- 
mal. Perhaps, in the past, the competition 
for food made speed and activity more 
important for survival than pure defensive 
ability, and so the protecting, but encum- 
bering, shell was lost. To bear out this 
possibility, it should be pointed out that 
soft-shelled turtles are predominantly car- 
nivorous. 

The Trionychidae are freshwater tur- 
tles. Various species inhabit North Ameri- 
ca, Asia, and Africa. They are sometimes 
called pancake turtles because of their flat- 
tened shape. 


FRESHWATER AND LAND TURTLES 


Species of the families Chelydridae, 
Kinosternidae, Emydidae, and Testudinae 
are characterized by hard shells, relatively 
unspecialized limbs, and a straight with- 
drawal of the head into the shell. 

One of the better-known North Ameri- 
can members of this group is the common 
Snapper, Chelydra serpentina, which is 
generally more aggressive than most tur- 
tles. According to popular belief, once it 
has seized a victim or tormentor in its jaws, 
it will not let go until sunset or until the 
sound of thunder is heard. Oddly enough, 
this turtle, which is so pugnacious on land, 
loses all its aggressiveness in water and will 
try only to swim away. 

A close relative of the common snap- 
per is the alligator snapper, Macrochelys 
temminckii, a large creature that may at- 
tain a weight of 90 kilograms. It is charac- 
terized by a large, blunt head and a particu- 
larly rough shell, with prominently peaked 
plates. Despite its fierce appearance, it is 
less active and combative than its smaller 
relative. 

Perhaps the best known of all turtles, 
and the one most commonly kept as a pet, 
is the box turtle. Two types native to North 
America are the common, Terrapena caro- 
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lina and the ornate, Terrape, 
like many turtles, they are 
in the daytime. The box turtle is predomi- 
nantly land-dwelling but seeks out water in 
very hot, dry weather. It will eat almost 


! ornata. Un- 
imarily active 


anything its jaws and thr can manage, 
including vegetables, meat ] insects, 

A source of amazement to early natu- 
ralists were the Galápagos turtles. Geo- 


chelone elephantopus, í d on the 
Galápagos Islands. Not ‘pproaching 
the size of these giant t es had ever 


been seen before by Eur They are 
closely related to the geni tudo, which 
includes some 50 separat ecies, Many 
members of this widely buted genus 
are found on a comparati nall number 
of oceanic islands. App isolation 
from the main stream of lution helped 
them to survive. 

Many Testudo speci have been 
wiped out by mankind. 1 large size 
made them a prime source opd and they 


could easily be caught be se of their 
sluggishness. It was foun: t a Testudo 


laid on its back would su for weeks 
without any attention. T nabled whal- 
ers and traders to transp hem to mar- 
kets thousands of kilomet away from 
their native islands. 

SIDE- AND SNAKE-NECKED TURTLES 


These turtles belong to the suborder 
Pleurodira, and are found in Africa, Aus- 
tralia, South America, and New Guinea. 
When one withdraws into its shell, the neck 
is pulled in doubled over to one side. The 
snake-necks are distinguished from the 
side-necked turtles chiefly by the length of 
their necks. 


Galápagos turtles can weigh over 
and live much longer than the « 


200 kilograms 
e human does. 
à Zoological Society 


CROCODILES AND 
THEIR RELATIVES 


Crocodiles, alligators, caimans, and 
gavial ive been on earth almost un- 
chang | form and habits since the great 


Age í »ptiles, more than 160,000,000 


years They are reminders of that far- 
distan st, when there were great num- 
bers « ‘ce-looking armored animals that 
have | since become extinct. 

l at remote, almost unimaginable 
era, the most important and powerful land 
anim ere the “ruling lizards,” or archo- 
saurs \ong these were the dinosaurs, the 
croc’ s and the reptilian ancestors of 
our b Although these animals had four 
legs, hind legs were long and powerful 
and t ont legs were short. This caused 
then \evelop what is called bipedal hab- 
its. When they really wanted to get some- 
wher a hurry, they would rear up and 
lumt long on their hind legs. They were 
heay protected by thick, horny armor, 
just are their descendants in tropical 
swat ind rivers today. 

Modern crocodiles use all four legs to 
heave their cumbrous bodies along the 
ground. But their front legs are short, like 
those of the crocodiles that lived in the Age 


Group of American alligators 
basking in the sun. 


of Reptiles. When they swim they fold their 
legs close to their bodies and move through 
the water by means of powerful strokes of 
their tails. The hind feet are webbed in most 
species. Sometimes the forefeet are also 
webbed. 

Crocodiles and other living members 
of the subclass Archosauria form the order 
Crocodilia. These animals are found only in 
temperate and tropical countries. The croc- 
odile itself lives in parts of five continents: 
Africa, Asia, the tropical parts of North 
and South America, and northern Austra- 
lia, as well as in the long chain of islands 
that extends southeastward from the Malay 
Peninsula. Alligators live in China and the 
southeastern United States. The caiman 
lives in Central and South America. The 
gavial, or gharial, is found primarily in 
India. 

To the anatomist, the vital organs of 
the Crocodilia are of particular interest, for, 
like those of the birds, they are a reminder 
of the great dinosaurs. This is especially 
true of the arrangement and structure of the 
heart and lungs, which are highly special- 
ized in these animals. 
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LAYING EGGS ON LAND 


Another characteristic that the croco- 
dile order shares with the birds is that they 
hatch their young from eggs. A crocodile 
may lay from 20 to 90 eggs in one clutch. 
The eggs have a thick, tough shell and the 
young crocodile is equipped with a strong 
egg tooth at the end of its snout to enable it 
to chip its way out of the shell when the 
time comes. This egg tooth drops off almost 
immediately after the baby is hatched, and 
the youngster itself is at once completely 
able to cope with the world about it without 
any help from the parent crocodiles. 

The laying of tough-shelled eggs on 
land was one of the very significant steps in 
the evolution of vertebrates. This habit 
freed the animals who practiced it from a 
complete dependence on water, thus mak- 
ing possible the conquest of land. It is true 
that the early amphibians could leave the 
water and remain away for some time, but 
they had to return in order to reproduce — 
that is, to provide a watery environment in 
which their eggs could develop. But when 
pioneering descendants of the amphibians 
began to lay their eggs on land, a new di- 
mension was given to the life of verte- 
brates. The reptiles inherited the earth. 

The tough-shelled reptilian egg con- 
tained its own watery medium, the amniotic 
fluid. This provided for the needs of the 
embryo just as the aquatic environment had 
provided for the developing young of am- 
phibians. A large store of food, in the form 
of yolk, sustained the reptilian embryo. The 
porous shell allowed for the exchange of 
oxygen and carbon dioxide, yet kept the 
amniotic fluid from leaking out. When the 
development of the embryo was completed, 
the young reptile, a miniature of its parents, 
emerged from the egg. 

Ironically enough, in the course of evo- 
lution, some reptiles returned to the water 
as a permanent habitat. Consequently, to- 
day we find the crocodilians, many turtles, 
and the sea snakes living out their lives in 
this medium. However, with the exception 
of the sea snakes that bear living young, 


these aquatic reptiles must go to land to lay 
their eggs. 
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LIFE IN THE WATER 


The amphibious croco s are found 
in tropical rivers, lakes, m $, Saltwater 
lagoons, and the deltas of e rivers. In 
these habitats, they do mos! ieir feeding 
and they are comparative! from peo- 
ple. They also spend a gr cal of time 
warming themselves in t n on river 
banks or sea and lake shore ‘ult females 
may also be found in the ty of their 
nests, which they guar esumably, 
against marauders. 

On land these reptile: ally move 


slowly and rather clum But when 


charging prey or an enemy « iping dan- 
ger, they travel at a good pa ! hey move 
with the body well off the ind on ex- 
tended legs. Only the tip « tail drags 
along the ground, 

The crocodilian is p ted by an 
armor of horny scales. | vering is 
reinforced on the back and 1e species 
on the belly, too, by little | scutes, OF 
plates. Such a coat is all but į ietrable to 
the attacks of other anima! d to man- 
kind’s more primitive wea Unfortu- 
nately, however, the high-). d rifle has 
proved more than a match he croco- 
dilian’s tough hide. 

In addition to its use in iming, the 
powerful tail of these reptil employed 
as a Weapon of defense. A we! -placed blow 
of this appendage will snap a sinall tree and 
knock a large animal off its fe The jaws 
and teeth, too, are formidable we apons, so 


Strong that they can crush the leg bones of 
an ox. r 
In keeping with their aquatic habits, 
crocodilians are streamlined in shape, with 
more or less elongated and tapering jaws. 
The eyes are placed well up on top of the 
head so that the reptiles can scan the wa- 
ter’s surface and edge while being almost 
completely submerged. The nostrils are 
elevated high on the tip of the snout. 
Breathed-in air follows a channel, above 
the bones of the roof of the mouth, to the 
windpipe. To keep its mouth open under 
water while foraging for and tearing up prey 
and yet not flood the air passage with water, 
the crocodilian has a flap of skin that closes 


off the mouth from this passageway. The 
American alligator can remain submerged 
three or ‘our hours without drowning. 


All “inds of animal food, depending on 


the envionment, may make up a crocodil- 
ian’s di nsects, spiders, crayfish, shrimp, 
crabs, iis and other mollusks, frogs, 
snakes, «nd turtles are preyed upon. The 
gavial’s xceedingly long jaws and sharp, 
slender th are well adapted for seizing 
fish. M ials, such as rodents, deer, and 
hogs, a grabbed by the snout when they 
come | e water’s edge to drink. Ducks 
and ot swimming and diving birds and 
unwary iding birds are also fair game. 
The d ed remains of animals may form 
asubs al part of the food. 

Tho smaller animals are downed in one 
gulp. | animals have to be torn apart in 
a unique way, since the crocodilian’s flat 
jaws: pikelike teeth allow for no grind- 
ing or iring action. The reptile firmly 
grasps victim and then rolls over and 
over u he prey is twisted apart. (The bulk 
of the prey prevents it from rolling over 
together with the reptile.) Sometimes a 


large #nimal is killed and then hidden. It is 
eaten laier, after aging has softened it so 
that it i» casily broken apart for swallowing. 

Be male and female crocodilians 
Possess two pairs of scent glands, one pair 
located in the lips of the cloaca (discharge 

ber), the other pair on the right and 

s of the lower jaw. During the 

season, these glands produce a 

musklike secretion that, trailed on the 

ground or discharged in the water, presum- 

ably enables the individuals to find one an- 
other. 

Mating takes place in the water, at least 
with the American alligator and probably in 
the case of other species as well. The eggs 
are deposited by the female in burrows that 
are then covered over, or in nests made of 
Vegetation and sand or mud in the form of 
mounds. The females are said to guard 
these nests. 


TELLING THEM APART 


People often confuse alligators and 
crocodiles. Many times it is difficult to look 
at one of these animals and decide which it 
is. But there are some general differences. 


The alligator has a broad, blunted 
snout, whereas the snout of a crocodile is 
narrow and tapering. When the jaws are 
closed, the fourth tooth of the alligator’s 
lower jaw fits into a pocket of the upper 
jaw. This tooth in the crocodile slips into an 
exposed notch of the upper jaw. 

The American alligator and the Ameri- 
can crocodile are found together only in the 
extreme southern part of Florida. The 
American crocodile is usually much the 
larger animal, growing to a maximum 
length of 7 meters but averaging 3 to 312 
meters. The American alligator averages 
2¥2 to 3 meters, though it may attain a 
length of 52 meters. 


ALLIGATORS AND CAIMANS 


The 23 species of crocodilians are di- 
vided into three families. The family Alliga- 
toridae includes the alligators and caimans. 

Alligators dig burrows, or dens, which 
may extend back 12 meters from the wa- 
ter’s edge. To these “gator holes” the rep- 
tiles retreat from danger and retire perma- 
nently during the winter. From October to 
late March, alligators eat little or nothing. 

Alligators are not dangerous to people; 
human swimmers are safe in the waters in 


The Nile crocodile is rarely aggressive on land, but 
itis very swift and aggressive underwater. 
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which these animals dwell. Yet a cornered 
individual or a female guarding its nest can 
be provoked into attacking. It is said that 
when a big alligator angrily crashes his jaws 
together, the sound Suggests a stroke on a 
bass drum. Certain alligators in zoos have 
become fairly tame, but their keepers are 
always careful to keep at a reasonable dis- 
tance from the animals’ jaws. 

The American alligator was formerly 
abundant in the coastal rivers and inlets 
from North Carolina to the Rio Grande and 
up the Mississippi and its tributaries as far 
as northern Louisiana. Now it is largely 
confined to the rivers and Swamps of Flori- 
da and the Gulf Coast. Its numbers have 
been greatly diminished by hunting: fancy 
leathers made from alligator hides com- 
mand high prices. 

The Chinese alligator is also restricted 
to a small area: the basin of the Yangtze 
River. Comparatively little is known about 
this animal’s habits, 

The American alligator’s breeding hab- 
its are rather peculiar. In April or May the 
female alligator seeks a sheltered spot on a 
bank and there builds a small mound. The 
foundation of this mound is of mud and 
grass; upon it the animal lays some eggs. 
She covers the eggs with a layer of grass 
or rotting vegetation and deposits some 
more eggs upon this. She proceeds in this 
way until she has laid between 30 and 40 
eggs. The eggs are subjected not only to the 
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Some peor ‘use alligators 


and crocod he fellow at 

the top is dile. You can 

tell by th w, tapering 

snout. The itor below him 

has a bro it. Alligators 

are smaller rocodiles, 
scorching heat of the su ilso to the 
heat caused by the deco ion of the 
vegetable matter in the nes 

After a period of abot months the 
eggs hatch. It is said that a urs before 
the young are ready to con t they make 
a squeaking noise, where: the mother 
pulls the mound to pieces ig it possi- 
ble for the young to make way out as 
soon as they are hatched. 

Young alligators in the levelop an 
egg tooth at the tip of the s With this 
they break through the loping: egg 
shell. Soon afterward, this tooth disap- 
pears. As soon as they have chipped the 
shell, the baby alligators are led to the wa- 
ter by the mother, who prov them with 
food that she disgorges. At early period 
of their existence, they exposed 7‘ 
many dangers and are a favorite prey 0 


fishes and turtles. $ 

It has usually been stated that alliga- 
tors grow very slowly. But certain speci- 
mens grow in five years to a length of 1.6 
meters and a weight of 25 kilograms. uy 
length of life of alligators is not known, bu 
the big reptiles are probably not so long- 
lived as has been believed hitherto. i 

Alligators prey upon fish, water foi 
and such small mammals as go into the 
Water or too near its edge, where the rep- 
tiles lie in wait. Land animals are dragge 
under water by alligators, to be donta 
and eaten. If the prey is too large to 


gulped down at once, it is torn to pieces 


before it is swallowed. 

Caimans live in South America, where 
they are plentiful. Some species are also 
found in Central America. Like the alliga- 
tors, caimans have stub-nosed snouts. 


The common spectacled caiman, Cai- 
man sclerops, is so named because between 


its eyes ı curved, bony ridge that resem- 
bles a pair of eyeglasses. It lives in sluggish 
stream ere the bottoms and banks are 
muddy l feeds on fish, crabs, and snails. 


The smooth-fronted caimans form the 


genus Poi: osuchus. They inhabit fast-run- 
ning, 1 y-bottomed streams. These cai- 
mans h the most complete armor of all 
crocodi!ians, 
CROC’ ES 


Members of the family Crocodylidae 


are more widely distributed than alligators. 
They found in North, Central, and 
South verica, Australia, Africa, India, 
and the islands of the western Pacific. 
Crocodiles are the largest reptiles. The salt- 
water species may attain a length of more 
than nire meters. 

AG diles are capable of moving 
quickly on land and can strike powerful and 
accurate blows with their tails. Young croc- 
odiles feed chiefly on fish. Adult animals 


prey on water fowl and on land animals that 
come to the water to drink. In water where 
the temperature drops below 7° Celsius, 
these reptiles become inactive and practi- 
cally he sf 

Certain crocodiles are notorious man- 
eaters. In 1926, C. F. M. Swynnerton, a 
game warden of Tanganyika (now Tanza- 
nia), exhibited to a London gathering of 
Scientists the contents of the stomach of a 
crocodile that he had killed. Among other 


A gavial. The gavial has a long, 
thin snout that is particularly 
well adapted for catching fish. 


things there were eleven heavy brass arm 
Tings such as natives wear, three coiled- 
wire armlets, a glass-bead necklace, four- 
teen human arm and leg bones, three spinal 
columns, and a length of fiber cord that had 
probably bound some bundle borne on the 
head of a Tanganyikan who had become a 
meal for the crocodile. 

. The 19th-century Scots explorer Da- 
vid Livingstone had many unpleasant expe- 
riences with crocodiles in the course of his 
African travels. He wrote how one of his 
bearers was suddenly seized by a crocodile 
while swimming in a river. The man kept 
his head. When the reptile pulled him down 
to the bottom of the river, he whipped out a 
knife and stabbed it behind the ear. Writh- 
ing with pain, the reptile released the man 
and swam off at a great rate. The man car- 
ried the marks of this encounter on his thigh 
for the rest of his life. 

Ancient Egyptians worshiped the croc- 
odiles that infested the waters of the Nile 
River. They tamed the animals and kept 
them in tanks at the temples, particularly at 
Thebes. When these sacred crocodiles 
died, they were preserved in mummy form 
as holy relics. Today, crocodiles are objects 
of veneration in certain parts of India. 


THE GAVIAL 


The family Gavialidae contains only 
one living species, Gavialis gangeticus. 
This animal has a very long, thin snout that 
is very useful in catching the fish that con- 
stitute its diet. 

Gavials inhabit rivers in India and can 
also be found in Burma, Borneo, and Suma- 
tra. It spends almost all of its life in the 
water, though the female will climb onto 
land to lay eggs—40 or more at a time — on 
the sandy river banks. 
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THE LIFE OF BIRDS 


The birds are among the liveliest 
creatures in nature. With hustling energy, 
they seek food, court their mates, build 
nests, care for their young, and sometimes 
make long migratory journeys. Since the 
time when they first evolved, they have in- 
vaded land and water areas in every quar- 
ter of the globe. They are now found in all 
continental regions from tropical rain for- 
ests to arctic tundras, from lowlands to 
mountaintops, on deserts, polar ice fields, 
and remote islands, and also far out at sea. 
In even the largest cities, we find pigeons, 
house sparrows, and various songbirds. 

Birds are vertebrates, or backboned 
animals. They belong to the class Aves. 
There are roughly 9,000 known species. 


EVOLUTION OF BIRDS 


Birds have sometimes been called 
feathered lizards. To understand how ap- 
propriate this name is, we must consider 
the origin of birds in the remote past. 

About 230,000,000 years ago, in the 


An albatross—often called the “king of the sky” 
because of its unsurpassed powers of flight. 
G. Holton/PR 


early Triassic period, the 
population of reptiles calle 
They had developed the 


ourished a 
-hosaurians, 
ag habit of 


walking on their hind le hich were 
longer and more strongly loped than 
the front ones. Later, th olved into 
different lines. One group to walking 
on all fours and bec amphibious 
types —that is, creatures ec at home in 
the water and on land. Th lern croco- 
diles are descendants of t oup. Other 
branches from the archos stock gave 
rise to dinosaurs. Still er branch 
evolved into the birds. 

Apparently the rept om which 
birds descended were sn arnivorous 
animals with teeth along iges of the 
jaws. The narrow skull h: suggestion 
of a beak~a feature tha to become 
characteristic of birds. 

The earliest “birds” e know of 
were found as fossils in Ba ) limestone 
deposits going back to t irassic pe- 


riod, approximately 150,00 
They belonged to the genus 


years ago. 
aeopteryx. 


These lizard-birds were at as large as 
pigeons and had an elong body sim- 
ilar to that of a lizard. The ly was cov- 
ered with feathers, except í e head and 
neck, which had scales. (Reptilian scales 
Still persist on the legs and of modern 
birds.) The tail was long and had a row of 


feathers down each side. There were teeth 
in both jaws, and the shape of the skull was 
more like that of a reptile than of a bird. 
The front limb, which apparently was used 
as a wing, ended in three clawed digits, or 
fingers. Possibly Archaeopteryx could fly 
to some extent, or at least glide 

Some theories have been proposed for 
the origin of flight and development of 
feathers. One is that the earliest birds 
Were ground-living creatures that used 
their modified forelimbs to aid in running 
and eventually in taking off into the alr. 
Another theory holds that primitive birds 
were tree climbers that adopted the habit 
of gliding from one tree to another or from 


7. oy fi 
r ae = 
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og BA S 


Vienne/Jacana 


e ability to fly is characteristic of most birds, there are some that 


—types from which our modern birds were 
derived. It was not until 30 or 40 million 
years later, however, that the truly modern 
forms made their appearance. The largest 
known flying bird, a giant teratorn with a 


Althou 

cannot )striches, among the most primitive of birds, walk and run along the 
sandy í ands of their African homeland. 

a tree he ground. The fact that Archae- 

opter iad a long tail (probably used 

as a rudder) and clawed digits on the wings 

sugges: that it lived in forests where it 

climbed., jumped, and glided among the 

branches. Another theory is that dinosaurs 


irm-blooded and that feathers 
developed as a_heat-protective 
for small forms. 

e aquatic birds called Hesperornis 
and /c/hihyornis flourished in the Creta- 
ceous period, some 80 million years ago. 
Both possessed teeth, like the earliest bird 
forms, but their tails were short. Hesperor- 
nis was a large, loonlike diving bird that 
could not fly. Jchthyornis looked more like 
a gull. It had well-developed wings and a 
keeled sternum, or breastbone. 

Other Cretaceous birds included a 
Cormorantlike form and a primitive fla- 
mingo. By the end of this period, birds had 
evolved more typical bird features. The 
tail was short, the digits on the wings were 
reduced, the sternum of flying birds was 
Strongly keeled, and teeth were absent. 

In the Eocene epoch, about 50 million 
years ago, there were herons, ducks, 
cranes, rails, grouse, sandpipers, and owls 


wingspan of 7.6 meters, is represented by a 
Late Miocene fossil (perhaps 8 million 
years old) unearthed in Argentina in 1980. 


ADAPTATIONS FOR FLIGHT 


Since many birds live at least part of 
the time in the air, their streamlined bodies 
and their wings have obviously been 
adapted for flight. The skeleton is ex- 
tremely light. For one thing, many of the 
bones are hollow and are filled with air. 
Also, many bones found in other verte- 
brates are fused together in birds or are al- 
together absent. 

Yet, light though it is, the bird’s 
skeleton is very strong. The bony frame- 
work is rigid and suggests a ship’s hull. 
The keeled sternum, below, is connected 
by the ribs to the fused backbone above. At 
the front of the sternum, several bones 
unite to form the shoulder girdle, which 
gives firm support for the strong wingbeats. 
The hipbones are fused with some of the 
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Birds of prey, including the osprey, are usually 
powerful fliers and quick to swoop down on prey. 


vertebrae to form the pelvic girdle, or 
synsacrum. 

The wing bones are similar to the arm 
bones of other vertebrates. In birds, we 
find the humerus (bone of the upper arm) 
and also the radius and ulna (forearm 
bones). The bones of the wrist and hand 
have been reduced in number, and some are 
fused. The outermost flight feathers —the 
primaries —are borne on several bones of 
the hand. The secondary flight feathers, or 
secondaries, are borne on the ulna; the so- 
called alula, or bastard wing, on one of the 
digits. 

Each feather is made up of a central 
shaft, to which a great number of parallel 
barbs are attached on either side. The barbs 
are held together by rows of barbules jut- 
ting out at an angle from each barb. The 
barbules of one barb overlap and interlock, 
by means of tiny hooks, with the barbules 
of an adjacent barb. 


HOW BIRDS FLY 


Bird flight is based on the same princi- 
ples as the flight of propellered, winged air- 
craft. A bird’s wing is really an airfoil. 
That is, it has a rounded leading edge taper- 
ing to a thin trailing edge. The upper sur- 
face is convex, while the lower one is flat- 
tened or more or less concave. 

When the wing is moving through the 
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air, the airstream is deflected from the con- 
vex upper surface so that airflow is in- 


creased in speed and the air pressure 
directly above the wing is decreased. The 
airstream below the wing is only slightly de- 
flected, and air pressure on the lower sur- 
face is therefore greater a result of 
these unequal pressures, the wing is forced 
upward, or given lift. When leading edge 
of the wing is tilted upwar a little, air 
hits the bottom surface m lirectly and 
lift is increased. Howeve he wing is 
tilted too much, the lifting ceases and 
the wing stalls. When a t ikes off or 
lands, the wings are tilted st this way, 
but stalling is prevented ! use of the 
bastard wing. This is rais that a slot 
forms between it and the ı wing. The 
slot serves to increase th od of the air 
flowing over the wing, sustaining its lift. 

The secondary flight iers, on the 
inner half of the wing, ar neipally re- 
sponsible for lift. In order aintain lift, 
however, the wing must be ing through 
the air. Forward thrust is ided by the 
primary flight feathers. T | serves as 
a steering mechanism. l ' move up, 
down, or sideways. Whe ned out, it 
gives additional surface for Fanning the 
tail also acts as an air brake when a bird 
comes in for a landing. Both the tail and 
wings maintain the bird’s balance when in 
flight. 

Flapping flight is the most common 
type. Usually, the wing beats downward 
and forward and then, more rapidly, up- 


ward and backward. 

Most birds glide to some extent and 
some use this type of flight almost exclu- 
sively. Gliding is usually accomplished by 
holding the wings stiff and almost fully 
stretched out. The bird slowly loses alti- 
tude but maintains its flying speed because 
of the accelerating effect of gravity. 

Soaring birds, such as vultures and 
albatrosses, can not only glide for hours at 
a time on extended wings but can even soar 
upward. This is because they make skill- 
ful use of rising air currents. We shoul 
point out that gulls, pelicans, gannets, alba- 
trosses, hawks, and other soaring birds 
have a comparatively light body, supporte 


by a large wing area. Hence birds such as 
these can take advantage of even moder- 
ate ascending currents. 

Hovering flight is used by smaller 


birds, such as hummingbirds, when they 
seek or collect food. Over water, the hover- 
ing kingñsher holds its body almost vertical 
and beats its wings rapidly back and forth. 
The sparrow hawk will remain suspended 
over itch of meadow, scanning it for 
grasshoppers. With head to the wind, the 
bird boids its slightly quivering wings out- 
| and uses its tail for balance. 


stret 
Both takeoff and landing are skillful 

oper 1s. To take off, a bird must gain 

enough forward speed for normal flight. 


Feathe 
includ 


Large land birds such as vultures and 
eagles move rapidly along the ground to 
get their lifting speed. Swans, coots, and 
diving ducks run some distance on the wa- 
ter. On the other hand, pheasants, quail, 
and surface-feeding ducks, such as mal- 
lards, rise almost vertically with great 
speed. Many seabirds launch themselves 
from cliff edges. Large land birds often take 
off from treetop perches or the tops of 
rocks. A great many birds bend the legs 
and spring into the air. 

When landing, birds often lessen their 
flying speed by gliding. Just before drop- 
ping, there are several forward wingbeats, 
the tail is fanned out, and the legs are low- 


e not only adaptations for flight, but also serve other purposes — 
namentation. Below left: the structure of a typical feather. Below 


right: c ip of a bird of paradise with its graceful feathers, and of beautiful 


eye-sp j feathers of a peacock. 


STRUCTURE 
OFA 
TYPICAL FEATHER 


Barbs, 
| barbules 
and 
— barbicels 
(hooks) 


Rachis 


Barbs and 
| barbules 


| Barbs 


Hyporachis —> Upper navel 


Calamus 
Lower navel 
(umbilicus) 
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ered to take up the impact. Many birds slow 
down by using the energy of flight to carry 
them in a glide from a lower position to a 
landing spot above their line of flight. 

Most small birds travel at speeds of 
25 to 50 kilometers per hour. Larger ones, 


VARIOUS KINDS OF BIRD'S LEGS 
Ostrich 


Jacana 
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Pelicans are well-adapted for i 
Their feet are webbed, making 

swimmers, and their long beaks 
probe for and pierce fish. 


such as ducks and geese, tra 


kilometers per hour. Cer 
cluding peregrine falcons, s 
pipers, are capable of spe: 
kilometers an hour in stra 
Even greater speeds —up t: 
per hour—can be attained 
by certain hawks and eagles 


IMPORTANT EXTERNAL FE 


Feathers. The feathers 
other purposes besides 
The lightweight and relati 
plumage provides a durab 
the bird’s body. It is very 
regulating heat loss from the 
days, birds fluff out the 
dead-air spaces within the 
serve as additional layers 
preventing heat loss. When t 
held close to the body, in 
there is less insulation, and h 

Feathers play an impor 
courtship ritual of birds. 


erects or spreads out various 


seeks to dazzle a prospec 


“ir aquatic life. 
em more facile 
2nable them to 


el 45 to 95 
birds, in- 
ts, and sand- 
of over 160 
taway flight. 
0 kilometers 
ower dives” 


RES 


birds serve 
> of flight. 
waterproof 
overing for 
eful, too, in 
dy. On cold 
ithers. The 


i ted plumage 


osulation in 
eathers are 
m weather, 
>scapes. 
t part in the 
male often 
ithers as he 
mate. The 


Thrush 
nrus 4 


colors œf bird feathers serve as a bond of 


attracti and also recognition) between 
males females of the same species. 
These colors are exceedingly varied and 
often | ant. Feathers may also serve a 
protect function, helping the bird to 
blend | its surroundings or breaking up 
the bir utline. 

Sc own feathers, which have no cen- 
tral st cover fledgling birds and occur 
as an u= ‘ercovering on such birds as ducks. 
The fe rs of young birds are replaced in 
time | jult plumage. Adult feathers are 
shed £ eplaced annually, usually in the 
fall. N species also have different sea- 
sonal rage. 

F The feet of birds tell us a good 
deal t their way of life. The feet of 
perc} birds are adapted for grasping 
branc or other perches. In such birds, 
a ten runs down from the thigh to the 
unde: of each foot. As the bird perches 
on ¢ nch, its weight causes the legs 
to be ıt and holds the tendon taut. As 
a cor uence, the toes are locked to the 
perc d the bird does not lose its hold 
even en it is asleep. When it is ready 
to fl ay, it relaxes its claws by raising 
its bo 

Woodpeckers have two toes forward 
and toes to the rear, an adaptation suit- 
able for clinging to and climbing vertical 
surfaces. The strong feet of birds of prey 
are provided with curved, pointed claws for 
killing and grasping prey. Ground dwel- 


lers, such as quail and grouse, have strong 
claws and fairly long toes, which enable 
them to scratch for food and walk on the 
ground. In the winter, grouse develop 
fleshy fringes on their toes to give a snow- 
shoelike effect. 

Ptarmigans, which live where snow 
often perpetually covers the ground, have 
their toes enclosed in feathers. Webbed or 
lobed feet are common among swimming 
and diving birds. Marsh birds that walk on 
mud or lily pads have extremely long- 
toed feet. i 

Beaks. The beaks, or bills, of birds are 
also modified in many ways. They are used, 
often together with the feet, for food 
gathering, nest building, and fighting. 


Peter and Stephen Maslowski, Audubon/P! 


Karl Maslowski, Audubon/Px 


Many species of birds change plumage with the 
seasons. Top: the starling in its spring plumage; 


bottom: in its winter plumage. 
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Puffin 


Ibis 


Shoebill 


Oystercatcher Eagle 


Egrets have long legs and lon 
like beaks— characteristics 


Cormorant 


Avocet 


g necks and dagger- 


common 


marsh birds, and all adaptations for 
and food-getting in deep swamplands. 
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to many 
movement 


McWaren/Jacona 


The short, curved, and sharp beaks of 


hawks and owls rend the ey. The seed. 
eating grosbeaks, finch and sparrows 
have short, stout conical beaks for crush- 
ing seeds. The pickax beak of a wood- 
pecker digs out wood-b« Insects and 
excavates a nesting hole The crossbill 
extracts seeds from pin ies with the 
crossed bill from whic derives its 
name. Hummingbirds needlelike 
bills with which they ta ects and sip 
nectar from flower blo: Shorebirds 
probe into water and mu th their long, 
slender, and often cury lls. Strainer 
plates in the broad, flat | f ducks sift 
food from mud and wate: pery fish are 
held by the saw-toothe iges of the 
merganser’s bill. 
INTERNAL FEATURES 

The digestive system ler to main- 
tain its high body ten ‘ture, which 
ranges from 40° Celsi 15° Celsius, 
and its high energy level l eats a great 
deal of food. This is passe kly through 


is useful is 
ium of waste 
seth, the di- 
or complete- 


its digestive system. All t 
absorbed, so that only a r 
is left. Since birds have r 
gestive system is responsil 
ly breaking up the food 

After food is swallowed 
way of the esophagus to the crop, where 
it is stored and softened up. Below the 
crop is the stomach, which is composed of 
a true stomach, called the proventriculus, 
and, beyond it, a muscular gizzard. In the 
proventriculus, food is mixed with gastric 
juice before it passes to the gizzard. The 
gizzard grinds up the food by means of its 
horny lining, sometimes aided by sand 
grains and pebbles swallowed by the bird. 

The food then passes through the ini 
testine. At the junction of the small and 
large intestines are two blind (‘dead 
end”) pouches, or caeca, in which water 
may be absorbed from the food. In vege 
tation-eating birds, cellulose is decomposi 
by bacteria in the caeca. 

From the large intestine the wast 
products of digestion enter a chamber 
called the cloaca and then pass out throug 
the cloacal opening. 


it passes by 


The respiratory system. A bird’s respi- 


ratory system is similar to that of other 
vertebri There are certain modifica- 
tions, however, to guarantee a large supply 
of oxy for the rapid burning of food. 
Within the lungs is an intricate branching 
system vf air capillaries that act as mem- 
branes the exchange of oxygen and car- 
bon di je gases. 

T iollow bones are connected with 
the lur y means of a series of air tubes. 
A nur of thin-walled air sacs, also con- 
nected with the lungs, are found in the body 
cavity { sometimes right under the skin. 
When e air sacs are inflated, the bird’s 
body mes very buoyant. The sacs 
make ssible to make the fullest possi- 
ble us the oxygen that is breathed in. 
They ilso important for getting rid of 
excess body heat. Birds can perspire into 
them so get rid of extra heat by way of 
the lungs and mouth. 

A base of the trachea, or windpipe, 
is a structure called the syrinx. Within it 
are m ranes that are capable of vibrat- 
ing, t producing voice—that is, a bird 
call. The pitch can be changed through the 
action of various muscles. 

Ti culatory system. Birds have a 
very cient circulatory system, shared 
only by the mammals, for quickly moving 
oxygen and nutrients to the tissues and get- 


ting rid of waste products. The compara- 
tively large, four-chambered heart pumps 
blood throughout the body by way of the 
right aortic arch. (In mammals the left 
aortic arch serves this purpose.) The bird’s 
heart beats rapidly. There are about 400 
beats per minute in a crow, from 400 to 600 
in a sleeping chickadee, and over 1,000 in a 
canary in a state of excitement. 

The nervous system and sense organs. 
A bird’s brain is similar in function and 
structure to that of other vertebrates. It is 
larger in relation to body size than the brain 
of all but the mammals. A 

The size and structure of the brain re- 
flects the nervous activities that take place 
in birds. For example, a bird’s sense 0 
smell is poor; the olfactory area of the 
brain, having to do with smell, is poorly de- 
veloped, as one would expect. The brain's 


Chaumeton/Jacana 
In most birds, the eyes lie on the sides of the head. 
Each eye has wide, independent, and very acute 
vision. 


optic lobes, which receive impulses relating 
to sight, are large, indicating keen vision. 
The cerebral hemispheres, which are con- 
cerned in part with mating and nesting be- 
havior, are well-developed, especially in 
crows, rooks, and parrots — birds that seem 
to show a considerable amount of intelli- 
gence. 

The sense of touch is not acute, prob- 
ably because of the protective plumage that 
covers the bird’s body. The bill, however, 
is supplied with numerous nerve endings, 
making it a sensitive probing and exploring 
organ. 

Only the nocturnal kiwi, which has 
poor vision, uses the sense of smell to lo- 
cate hidden prey. Other birds depend on 
their eyes and their sense of hearing to 
detect food and enemies. 

Taste buds are sparingly scattered over 
the palate and tongue. Many birds bolt their 
food, apparently relying little on taste. On 
the other hand, a number of birds, especial- 
ly insect eaters and those having a varied 
diet, are quite particular about what they 
eat. This indicates that, in some cases at 
least, taste may be a governing factor. 

Hearing is an important sense in birds. 
The hearing of owls is particularly acute, 
enabling these birds to locate their prey in 
the dark. The woodcock and robin seem 
to pick up by ear the underground where- 
abouts of earthworms. Birds can detect 
sounds varying quite widely in pitch. Mock- 
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J. C. Chantelat 
Top: a blackbird giving food to its young. Bottom: 
a robin feeding a cuckoo. Cuckoos lay their eggs 
in the nests of other species and the foster parents 
feed the cuckoo young. 


ingbirds, catbirds, and starlings must be 
able to distinguish between simple tunes, for 
they are good mimics of other birds’ songs. 
Unlike the ear of mammals, which has three 
bones in the middle ear, the bird’s middle 
ear contains only one vibration-transmitting 
bone. 

Birds rely particularly on vision, 
which is perhaps better developed in them 
than in any other animal. The curvature of 
the cornea and the shape of the lens can be 
rapidly altered by special muscles so that 
the eye almost instantaneously focuses 
sharply on near or very distant objects. 

Birds have good color vision. This 
enables them to locate food, to recognize 
other members of the species, and to dis- 
tinguish the sex of each individual. Prob- 
ably the development of colored plumage 
and color vision evolved together in bird 
evolution. 
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The eyes of most bird 
of the head. Therefore, bi 
lar (“one-eye”’) vision. Ea 
independent field of visi 
ground, water, or foliage 


at the sides 
ve monocu- 
has a wide, 
canning the 
ever, there 


is a narrow range of visio d the front, 
in which the bird’s eyes fi together to 
give binocular vision (“vi ‘rough two 
eyes”). This allows a | ain better 


distance perception for p 
is either flying or moving 
Since the eyes of owls are 
these birds may use bino! 
sively. 

A unique membran 


prey that 
ie ground. 
1 forward, 
ion exclu- 


he pecten 


projects from the retina ird’s eye, 
forming a second eyeli pecten, a 
tissue plentifully supplie lood ves- 
sels, apparently nourishe e. A third 
eyelid, the nictitating 2”) mem- 
brane, can be drawn ac e eyeball. 
These membranes are nsparent, 
They probably clean the of the eye- 


they also 
the wind, 
rds when 
) the glare 


balls as they cover them 
shield the eyes of birds fly 
protect the eyes of aq 
swimming under water, £ 
of light on the eyes. 


SOCIAL ORGANIZATION SOME 


luctive ac- 


When not engaged in c 
pecies will 


tivities, a number of birds 
often flock together. Fo frequently 
more easily and quickly for group ac- 
tion than by a solitary ind al. Escape 
from danger is more succes vhen there 
is a good chance that several n embers of 
the flock will spot the enemy and give the 
alarm reaction. e 

In some social species, there is a rigid 
system of dominance. The most aggressive 
individual lords it over the others of the 
group. The next bird in line dominates the 
rest of the flock but is submissive to bird 
number one, and so on. The term pecking 
order is applied to this sequence. 
LEARNING ABILITY 


Because of their highly developed 
nervous system, birds make use of past €x- 
periences in facing new situations. In other 
words, they have the ability to learn. This 


is true 


food. 
food i 
turn t 
haust 
S 
unust 
some 
auton 
mock 
tors 0 
may 
and t} 
l 
bird | 
hande 


COU! 


son, | 
jealo. 
speci 
antee 
will | 
locali 
isolat 
court 
gives 
durin 
rearir 
the ne 


ily, c 


pecially in situations concerning 
s will remember a locality where 
articularly abundant and will re- 
iis place until the supply is ex- 
hen they explore new localities. 
birds have learned to utilize 
ources of food. Birds of prey 
; feed on dead animals killed by 
es on the highways. Catbirds and 
rds will eat insects off the radia- 
ked automobiles. Sparrow hawks 
watch pigeons feeding on bread 
in and feed with them. 
te of this capacity to learn, much 
ior depends on innate patterns 
wn by heredity. 


P AND BREEDING 


> beginning of the breeding sea- 
establish territories, which they 
xard from other males of the 
uch territories apparently guar- 
the individuals of a given species 
“nly distributed over a suitable 
urthermore, a territory offers an 
rea where male and female can 

mate without interference. It 
aired couple a place to find food, 
critical period of incubation and 
the young, without going far from 


erritory-holding male sings lust- 
splays himself in specific ways, 


es in their seasonal migrations. 


or both. Song or display is a threatening 
signal that warns other males away from 
the territory. At the same time, it is a signal 
for attracting unmated females. 

Once a female is attracted, the male 
proceeds with its courtship ritual, which 
prepares the female for mating. Courtship, 
or sexual display, involves all kinds of 
movements and much flashing of color. 
Males dance, strut, and bow before their 
prospective mates. They fluff out their 
feathers, drag their wings, erect plumes and 
tail feathers, show off brightly colored 
feathers, and open the mouth to flash its 
highly colored interior. Some birds, espe- 
cially meadow-nesting species, sing while 
performing a courtship flight. Gulls and 
terns feed the females in courtship; others 
present nesting material. 

Courtship is not a one-sided affair. 
After the male’s display causes a certain 
response in the female, this response brings 
a new reaction in the male and so on. Once 
they have mated, the birds set about con- 
structing a nest. Perching birds some- 
times make elaborate nests, using the bill 
and feet to gather, carry, and weave to- 
gether nesting material. Other birds dig 
burrows into embankments, excavate a 
nesting hole in a tree, pile up a heap of 
sticks, scoop out a depression on the 
ground, or make no nest at all. 

Birds lay hard-shelled eggs. These 


ies of birds use the sun's position to orient themselves as they travel 
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range in number from one in certain species 
(gannets, petrels) to as many as 15 in others 
(quail, coots). Certain species raise only 
one brood a year. Others raise more. 

Once the eggs are laid, the female does 
much of the incubating, but in some species 
the male may assume full responsibility. 
Often a special nest-relieving ceremony 
occurs when one mate relieves the other. 

In the hatching process, the young 
birds peck their way out of the eggshell with 
the help of an egg tooth at the end of the 
bill. This is later shed. Some young birds, 
such as baby chicks, leave the nest an hour 
or two after hatching and never return to 
it. They follow the parent about and in- 
stinctively pick up insects or other kinds of 
food. The young of most species, however, 
are almost or entirely naked at birth and are 
helpless. They are carefully fed and pro- 
tected by the parents. 


BIRD MIGRATION 


A fascinating and complex part of the 
life of birds is their migration—their sea- 
sonal movements from one place to an- 
other. Some mountain-dwelling species 
travel to valleys and slopes during the win- 
ter and return to the heights at the breeding 
season. Other birds migrate in an east-west 
direction. But by far the most impressive 
migrations are made over the land areas of 
the Northern Hemisphere—northward in 
the spring, southward in the fall. 

Birds that migrate seem to do so be- 
cause of an inherited instinct. We may 
speak of an impulse to migrate for want of 
a better term. The stimulus that arouses 
this impulse may be an internal factor, act- 
ing alone. It may be combined with various 
environmental factors such as the increase 
(or decrease) in the amount of daylight per 
day, the increase (or decrease) of humidity 
and rainfall, the rise (or drop) of air tem- 
perature, and the supply of food. 

_It is not known how birds maintain 
their sense of direction during migration, 
It seems almost incredible that such a bird 
as the greater shearwater can freely roam 
the whole Atlantic, going as far north as 
Greenland, and yet return unerringly to a 
tiny island, Tristan da Cunha in the South 
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Three widely different types 
sowary of South America; op 
Spotted sandpiper; (right) a p 


above) a cas- 
page: (left) a 


Atlantic, to breed. It h 1 suggested 


that a bird’s orientation ( f direction) 
is based on the sun’s posi the earth's 
magnetic lines, on an in! ense of di- 
rection, or on the memi on of land- 
marks such as coastlines a vuntains. 

Generally, when a ligrates, it 
travels to a place where v r conditions 
are favorable, where food lentiful, and 
where there is room to rai young. 

Of course, some bird yt migrate 
at all but remain as perm: residents in 
one more-or-less widely e od area, 


CLASSIFICATION OF BIRD 


There are assification 


various 


schemes for birds. Accord o the classi- 
fication that we adopt here. there are 29 
orders of living birds in the class Aves. Two 
other orders—the elephant birds (Aepyor- 
nithiformes) of Madagascar and the moas 
(Dinornithiformes) of New Zealand—be- 


came extinct during historic times. 
Five orders of living birds make up a 
Superorder known as the Palaeognathae. 
They include the more primitive forms. 
They differ from other birds, among other 
things, in the arrangement of some of the 
skull bones. They are flightless, or almost 
so, and have undeveloped wings and ster- 
num. Their legs are long and their feathers 
curly. Some species are very large. Follow- 
ing are the five orders of the Palaeognathae: 


Struthioniformes: ostriches. Largest of the es 
ing birds, flightless, confined to deserts an 
Plains of Africa and Arabia. 


rmes: rheas. Large South American 


birds ichlike in form and habits. 

iriiformes: cassowaries, emus. Similar 
too s. Cassowaries, which have a horny 
helm the head, live in Australia and New 
Guir nus inhabit grasslands of Australia. 

giformes: kiwis. Much smaller, noc- 

turn htless birds of New Zealand, having 
alor k and tiny eyes. 

iiformes: tinamous. — Partridgelike, 
wea ig, ground-living birds of grasslands 


and | s of Mexico through South America. 


remaining 24 orders make up the 


supe er Neognathae. They include birds 
with well-developed wings and sternum. 
They are as follows: 


, henisciformes: penguins. Stout-bodied, 
flightless, aquatic birds living on the Antarctic 
ice, islands, and barren coasts of the Southern 
Hemisphere. They use their forelimbs, which 
are modified into paddles, to swim. 

Gaviiformes: loons. Ducklike water birds 

with narrow head and pointed bill. Excellent 
divers found in many parts of the world. 
. Podicipediformes: grebes. Freshwater div- 
ing birds found worldwide. Feet, with sepa- 
rately webbed toes, are placed well back, 
making the birds powerful swimmers. 

Procellariiformes: albatrosses, shearwaters, 
fulmars, petrels. Chiefly cosmopolitan, oceanic 
birds with long, narrow wings and a hook- 
tipped bill covered with horny plates. 

Pelicaniformes: swimmers having all four 
toes united by a web—tropic birds, pelicans, 
boobies, gannets, cormorants, snakebirds, frig- 
ate birds. Chiefly long-winged, oceanic diving 
birds. Most are nearly cosmopolitan. 
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Ciconiiformes: long-legged waders—her 
ons, egrets, bitterns, storks, ibis, spoonbills. 
Usually large, long-necked, long-billed wading 
birds. Most are cosmopolitan. 

Phoenicopteriformes: flamingos. 
gregarious, long-necked wading birds. 

Anseriformes: waterfowl (ducks, geese, 
swans), screamers. Waterfowl are cosmopoli- 
tan. The South American screamers are semi- 
aquatic birds with webless toes. 

Falconiformes: vultures, kites, hawks, ea- 
gles, ospreys, falcons, secretary birds. Power- 
fully winged birds of prey generally of 
worldwide distribution. 

Galliformes: mound birds (megapodes), 
gallinaceous birds (grouse, ptarmigan, quails, 
partridges, pheasants, peacocks, jungle fowl, 
chickens, guinea fowl, turkeys, curassows). 
Largely ground birds with short wings. The legs 
and feet are specialized for running and scratch- 
ing the ground. Quails, turkeys, and curassows 
are New World species; grouse and ptarmigan 
inhabit the Northern Hemisphere; the others are 
of the Old World. 

Opisthocomiformes: hoatzins. Small pheas- 
antlike arboreal birds of South America. 

Columbiformes: pigeons, doves, sand- 
grouse. The Eurasian and African sandgrouse 
are grouselike with very short legs. Pigeons and 
doves are worldwide in distribution. 

Gruiformes: “‘marsh’’ birds—cranes, rails, 
coots, gallinules, button quails, trumpeters, sun 
grebes, cariamas, bustards, limpkins. A diversi- 
fied group adapted for ground-living and often 
semiaquatic habits. Many are poor fliers or are 
flightless. They are often plump and long- 
legged; the bill varies in shape and length. Rails, 
coots, gallinules, and cranes are almost cosmo- 
politan; bustards are Old World; button quails, 


Large, 
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Africa and Australasia; sun-grebes, the tropics; 
limpkins, southern United States through South 
America; trumpeters and cariamas, South 
America. 

Charadriiformes: shorebirds, gulls, and 
Telatives—jacanas, oystercatchers,  plovers, 
sandpipers (including snipe and woodcock), 
avocets, phalaropes, pratincoles, coursers, seed 
snipes, sheathbills, skuas, jaegers, gulls, terns, 
skimmers, auks, murres, puffins. A mixed group 
more or less specialized for aquatic habits. 
Typical shorebirds are usually long-legged 
waders, often have long bills, and for the most 
part inhabit marshes and shores of open water. 
Gulls and terns are strong flying birds of the sea, 
though some may be found far inland. Skuas and 
jaegers are hawklike, oceanic predators. Auks 
murres, and puffins are somewhat ducklike in 
appearance; they frequent open seas. Pratin- 
coles and coursers inhabit the Old world; seed 
snipes, South America; jacanas and skimmers, 
the tropics; sheathbills, Antarctic shores; skuas 
and jaegers, the cold oceans; auks, murres, and 
puffins, oceans of the Northern Hemisphere. 
The rest are cosmopolitan. 

Psittaciformes: lories, macaws, cockatoos, 
parrots, parakeets. Tropical arboreal birds with 
strong, hooked beaks, and with two toes 
directed forward and two behind. 

Cuculiformes: turacos, cuckoos, anis, road- 
runners. Mainly long-tailed arboreal birds. 
Turacos are African; cuckoos inhabit the Old 
and New World; anis and roadrunners are 
American. 

Strigiformes: owls. Large-headed, large- 
eyed cosmopolitan night birds of prey. 

Caprimulgiformes: oilbirds, frogmouths, 
owlet frogmouths, potoos, goatsuckers (whip- 
poorwill, nighthawk). Mainly nocturnal, insect- 
eating birds, having an exceptionally wide 
mouth, small bill, and weak, tiny feet. Oil- 
birds and potoos are South American: frog- 
mouths, which have a broad, flattened bill, and 
owlet frogmouths frequent the Australian re- 
gion; goatsuckers are cosmopolitan. 

Micropodiformes (sometimes Apodifor- 
mes): swifts, hummingbirds. The long-winged, 
wide-mouthed swifts are cosmopolitan; hum- 
mingbirds belong to the New World, 

Coliiformes: colies (mousebirds). Long- 
tailed African birds that creep along branches, 

_ Trogoniformes: trogons. Stout-bodied, bril- 
liantly colored birds of the tropics, 

Coraciiformes: kingfishers, todies, mot- 
mots, bee-eaters, rollers, hoopoes, hornbills. 
A varied group. The cosmopolitan kingfishers, 
which have a strong, pointed bill, plunge into 
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A wild cock. Many game birds een widely 
domesticated and are important 1 rces. 
water for prey or capture small ils on land, 
Hornbills, bee-eaters, and roll re birds of 
the Old World tropics; hoopoe in Africa 
and Eurasia; todies inhabit t est Indies; 
motmots are tropical American 

Piciformes: jacamars, pu barbets, 


honey guides, toucans, woo ers. Birds 


chiefly specialized for climbing gging into 
wood. Two toes are directed fo two back- 
ward. Most have a straight or d tapering 
bill. While the woodpeckers ar mopolitan, 
toucans (which have a large, lor vertically 
broad bill), jacamars, and puff tropical 
American. Barbets occur in d tropics; 


honey guides, in tropical Africa Asia. 


Passeriformes: perching bir Generally 
small or medium-sized birds wit! ied habits. 
The toes are specialized for gripping a perch. 
About half of the known species irds belong 
to this order. Representatives common to North 
America (many are common to other lands as 
well) include: flycatchers, larks, swallows, 
crows, jays, titmice, nuthatches, creepers, dip- 
pers, wrens, thrashers, mockingbirds, thrushes, 


kinglets, gnatcatchers, pipits, waxwings, shrikes, 
Starlings, vireos, wood warblers, blackbirds, 
meadowlarks, orioles, tanagers, weaver finches 
(house sparrows), grosbeaks, finches, sparrows. 
Some exotic forms are cotingas, antbirds, wood- 
hewers, honeycreepers (New World tropics); 
Ovenbirds, tapaculos (South America); mana- 
kins (Mexico to Argentina); cuckoo shrikes and 
Old World orioles, warblers and flycatchers 
(Old World); bulbuls, sunbirds, babblers (Old 
World tropics); pitas, drongos (Africa, Asia 
Australia); white-eyes (Africa, Asia); flower- 
peckers (Asia, Australia); lyrebirds, bower- 
birds (Australia); birds of paradise (NeW 
Guinea), 


FLIGHTLESS BIRDS 


wis looking for worms in a New 


Zealand forest. Penguins shuffling across 
the arctic ice in search of fish. A band 
of ches picking at lizards and mice on 
an an grassland. A pair of cassowaries 
fee -on plums ina New Guinea rain for- 
est an enemy approaches or danger 
th is, these birds lack a major escape 
m nism common in most birds: they 
ce fly. Their wings are small and under- 
de ved. 

ghtless birds are not, however, de- 
fe ss. Ostriches do not bury their heads 


in sand if faced by an enemy. Rather, 
th eliver powerful kicks and inflict deep 
wi is with their toenails. Or they may 
ri ay —they can run faster than a horse, 
ar can escape most pursuers. The cas- 
S y defends itself with its long, sharp 
te ils. The rhea is a fast runner. The tina- 
n grayish or tawny in color, escapes 
d tion by blending in with its environ- 


\ number of bird orders have flight- 
less representatives. Generally, however, 
t erm “flightless birds” refers to mem- 
t of six orders: Struthioniformes — 
C 
f 


iches; Rheiformes—rheas; Casuarii- 
formes—cassowaries and emus; Aptery- 
rmes —kiwis; Tinamiformes —tinamous; 
an Sphenisciformes — penguins. Because 
hey cannot fly, these birds are obviously 
ground dwellers. 


THE OSTRICH 


Some 50,000,000 years ago, about half 
a dozen species of ostriches were distribut- 
ed through the continents of Africa, Asia, 
and Europe. Today, there is only one spe- 
cies, Struthio camelus. 

The ostrich lives in Africa, south of the 
Sahara, typically in dry savanna or brush- 
land. The birds usually feed in groups of 
six to ten, although occasional bands of 50 
or more may be seen. Ostriches often as- 
sociate with grazing mammals such as an- 
telopes and zebras. The two groups of ani- 


mals have a mutually beneficial alliance. 
The grazing animals disturb small rodents, 
lizards, and insects, which are then eaten 
by the ostriches. The tall, sharp-eyed 
ostriches can spot an enemy a long way off, 
and warn the mammals of danger. 

Ostriches are the largest living birds. A 
male may be 2.5 meters tall and weigh as 
much as 135 kilograms. No wonder they 
are flightless—imagine how much energy 
would be needed to lift so heavy an animal. 

The ostrich has only two toes, which 
are very unequal in size, on each foot. This 
gives the foot greater strength and thrust, 
which is useful to an animal adapted to a 
walking and running way of life. 

The male’s body plumage is black; the 
tail feathers and wing quills are white. The 
smaller females are dusky gray in color. 
The heads and long necks of the birds are 
sparsely covered with down. 


Adélie penguins in their rookery protecting their 
dark-plumaged young. These aquatic birds are 
adapted to life in the harsh environment of the Ant- 


arctic. 
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The two toes of an ostrich give it strength and 
balance in its life of walking and running. 


Ostriches are nomadic animals, wan- 
dering to wherever food is available, They 
are indiscriminate eaters. In addition to 
invertebrates and small vertebrates, they 
eat all sorts of plant material —and will even 
gulp down shiny objects such as bottle tops. 

These birds are polygamous. A male 
has a harem of three to five mates. The 
females in the harem generally all lay their 
eggs in the same shallow, sandy pit that 
serves as the nest. Each female lays six to 
eight eggs. Though comparatively small in 
relationship to the ostrich’s size, these are 
the largest eggs laid by birds. One ostrich 
egg may weigh more than one kilogram, and 
be as big as 20 or 24 chicken eggs. 

The females in a harem incubate the 
eggs during the day; the male sits on them 
at night. The large clutch of eggs makes a 
grand meal for predators such as vultures 
and jackals. But the predator must worry 
about those muscular ostrich legs, which 
can deliver a maiming kick, and those toe- 
nails, which can disembowel a jackal. 
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Darwin's rhea from South Ame as have 


long strong legs and are swift run 


THE RHEAS 

These South American b e simi- 
lar to, but much smaller thar strich. 
There are two species. The ci n rhea, 
Rhea americana, may be | rs tall 
and weigh 25 kilograms. Dull £ 1 color, 
it is found on the grassy plains of Brazil and 
Argentina—a range that is cons y made 
smaller by the spread of human « lization. 
The second, smaller species, Darwin’s 
thea, Pterocnemia pennata, lives in the 
eastern Andes. 

The legs of a rhea are long and power- 


ful. Each foot has three toes. The animal is 
a swift runner and a good swimmer 

Like ostriches, rheas roam in groups 
for most of the year. When the breeding 
season begins, the males fight each other 
for control of a harem. After a victorious 
male acquires his harem, he constructs a 
nest—a shallow lined pit in the ground. Af- 
ter he has mated the hens, he leads them to 
the nest. All the hens in a harem lay their 
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Mo { cassowary. Cassowaries inhabit 
ense rests where they live in small groups. 
eggs è one nest, and the male then incu- 
bate lutch. 
CAS \RIES AND EMUS 

owaries and emus are swift run- 
ners usually can avoid an enemy. If, 
how they cannot avoid an enemy, they 
can ery aggressive, delivering vicious 


kicks and inflicting wounds with their long, 
p iws. 

i other distinguishing characteristic 
of these birds is their hairlike feathers. 
Each feather has two shafts, and does not 
interlock with other feathers, as is the case 
in most birds. 

__ Cassowaries inhabit dense rain forests 
in northern Australia, New Guinea, and 
nearby islands. There are three species, al 
in the genus Casuarius. 

These birds live in pairs or small family 
groups. The male incubates the three to Six 
large eggs and also takes care of the young 
chicks. 

The largest and most common a 
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A kiwi and its egg. Relative to its own size, the kiwi 
lays the heaviest egg of all birds. 


the double-wattled cassowary, Casuarius 
casuarius, may be more than 12 meters 
tall. It has black, glossy plumage that is 
hairlike in appearance. There are no feath- 
ers on the blue neck and head. Two red 
wattles, or folds of loose skin, hang from 
the neck. Atop the head is a flat horny 
casque that looks like a tall crown; it may 
be 15 centimeters high. 

The emu, Dromaius novaehollandiae, 
is found only in Australia and is the largest 
bird of that continent. It averages 1.5 to 
1.8 meters in height and weighs up to 55 
kilograms. Female emus are larger than 
the males. 

The drab, brownish-gray emus live ina 
variety of environments, from scrubland to 
rain forest. They feed mostly on plant mat- 
ter but will also eat insects. 

Emus breed in the winter. The female 
lays eight to ten dark-green eggs in a nest 
on the open ground, usually beneath a tree. 
The male incubates the eggs and cares for 


the young. 
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alle en 
Michael C. T. Smith, Audubon/PR 


The Emperor penguin is the largest of all penguins. 
It lives and breeds on the Antarctic ice. The female 
lays only one egg per season. 


THE KIWIS 


Kiwis live in the damp forests of 
New Zealand. There are three species, all 
in the genus Apteryx. 

These birds have grayish or reddish- 


The bird uses its heavy claws to 
scratch on the forest floor and to excavate 
the nest. Female kiwis lay the heaviest 
eggs, relative to their size, of any bird. The 
weight of a kiwi egg may be as much as one- 
fourth the weight of the bird. Most kiwis lay 
only one egg, though some lay two. The 
male incubates the eggs for 75 to 80 days. 
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THE TINAMOUS 


There are about 50 spi of tina- 
mous, which live in a variet» si habitats 
from southern Mexico to th of South 
America. The tinamou can but it is 
clumsy in the air. Its short, r ed wings 
let it fly only short distances 

Tinamous have compac ies with 
long necks, short tails, and ng legs, 
They range in length from 20 t centime- 
ters. The plumage consists autifully 
patterned browns and grays lends in 
well with the environment. 1 are soli- 
tary birds, except during the ling sea- 
son, when they are polygam« 1e males 
incubate the eggs and care for vung. 
THE PENGUINS 

The order Spheniscifor: ontains 
17 species of fascinating, high sialized 
birds. The order name com om the 
Greek word spheniskos, whic ans “a 
small wedge” and refers to | nguin’s 
flippers. These are hard, narre uctures 
covered with scalelike pluma; hey are 
used to propel the penguin ur vater at 
speeds of 40 kilometers per ho! more. 

Penguins have other aday ns toa 
marine life. Their bodies are mlined; 
their feet are webbed: and t! eathers 
form a dense, waterproof insula 

These birds live in the Antarctic and 
on islands as far north as the Peruvian 
coast. They eat fish, squid, and shrimp. The 
largest species, the Emperor penguin, Ap- 


tenodytes forsteri, is more than one meter 
tall and weighs 35 kilograms. It never sets 
foot on dry land, but lives and breeds on the 
Antarctic ice. The smallest penguin, the lit- 
tle blue Penguin of Australia, Eudyptula 
minor, is three tenths of a meter tall. 

Most penguins are monogamous and 
remain with their mates throughout their 
long lives. They breed in colonies that may 
contain many thousands of birds. Most 
Species lay two or three eggs. The parents 
Share the tasks of nest building, incubating 
the eggs, and caring for the young. During 
the nesting period, most species undergo a 
long period of starvation, living off fat 
reserves in their bodies. 
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inonamo It grabs the prey in its sharp talons. 


G.R, Austing and Donald Koehler, Audubon /PR 


hunt other animals for food. In these photos, a saw-whet owl moves 
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_ Ona hot, sunny African plain, a zebra 
dies. Soon, the vultures come. With their 
sharp beaks, they tear the hide and flesh off 
the dead animal. 

In a dimly lit South American rain for- 
est, a harpy eagle kills and eats a young 
monkey. 

When night comes to the woods of 
Europe, tawny owls begin their hunt for 
mice and other rodents. 

Vultures, eagles, and owls are birds of 
prey. The birds of prey include some of the 
most powerful fliers and fiercest hunters, 
for their size, to be found in the animal 
world. They are graceful on the wing and 
€ver alert for unwary prey- 

Birds of prey may be divided into those 
that hunt by day —diurnal birds —and those 
that hunt by night—nocturnal birds. The 
hunters that fly by day include vultures, 
hawks, eagles, kites, falcons, and ospreys. 


Most owls, on the other hand, hunt their 
quarry by night. 

The daytime hunters are all placed in 
the order Falconiformes. They are grouped 
together because of their habits rather than 
because of close physical similarities. Owls 
make up the order Strigiformes. 


GENERAL CHARACTERISTICS 


All these birds generally have stout 
hooked beaks with a soft area, called the 
cere, at the base. The beaks have wavy 
edges. Most of the birds of prey have three 
toes set forward and one directed back- 
ward. The owls and ospreys have a revers- 
ible outer toe—that is, it can be turned 
either to the front or to the rear. 

Birds of prey range in size from the 
condor, which measures over three meters 
from wing tip to wing tip, to the pygmy fal- 


con of India, which is scarcely larger 
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Illinois Natural History Survey 
Top: a marsh hawk and her young. These birds live 
in wetlands. Bottom: a barn owl. Owls have very 
large eyes set immovably in their sockets. 


than a sparrow. The females of the birds of 
prey are larger than the males. 

Long, well-curved, sharp talons char- 
acterize all birds of prey except the vul- 
tures. With these truly formidable weapons 
they seize and dispatch their prey. Then 
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they tear it to pieces witi ir hooked 
beaks. The vulture lives on ion and so 
does not need taloned feet 


The eyes of the day ht are placed 
at the sides of its head so th two eyes 
never look in the same dire In owls, 
the eyes, which are larger th se of the 
diurnal birds of prey, are s€ nt of the 
rather flat face, so that both gether in 
the same direction. The ow fore, has 
binocular vision, while the rds must 
survey an object first with ye, then 


with the other. 
The eyesight of birds y is ex- 


tremely keen. From a hundre rs over- 
head they scan the ground ¿ e able to 
see the tiniest mouse or |i 1 the in- 
stant required for them to « om that 
height and pounce on thei is, their 
eyes change focus so quick] hey nev- 
er lose sight of the prey. 

The eye color varies ac g to the 
family, genus, or species. It > yellow, 
ruby-red, gray, or brown. The olor may 
also vary according to the bir x or age. 

Soft shades of brown iy mark 
the plumage of most specie e, how- 
ever, show striking patter: lue and 
reddish-brown. Some eagles vultures 
have ornamental crests. Yo wks are 
marked on the underparts wit! pendicu- 
lar stripes, which become hor | (adult 
marking) after the first molt easier to 
distinguish between species size or 
shape than by color. 

Perhaps the most outstan charac- 
teristic of the birds of prey is ‘earless- 
ness and truculence. The goshawk will cou- 
rageously attack any person coming near its 


nest. The European sparrow hawk, al- 
though less than one third of a meter in 
length, will fall upon any other creature in 
the air, no matter how large. Many hawks 
will attack animals as large as themselves, 
or even larger. , 

The voices of the day-hunting preying 
birds are harsh, discordant screams. The 
short-winged species that lie in wait for 
their prey are usually silent. The others call 
frequently. The owl’s voice is perhaps best 
described as blood-curdling—at least to 
small animals. 


All birds of prey are exclusively car- 
nivorous. Most kill their food. The scaven- 
ger species, however, feed on decaying 
animal matter. The larger birds eat other 
birds and small mammals. Small ones feast 
on insects, mice, frogs, lizards, and snakes. 
Only the short-winged hawks and occasion- 
ally the marsh hawks are destructive to 
game birds and domestic birds. 

Certain birds of prey, especially os- 
preys and eagles, repair and use the same 
nest year after year. A number of hawks 
and eagles mate for life, but are quick to get 
another mate when the old one has died. 
Most species, however, get a new mate and 
a new nest each year. Many build nests of 
sticks and branches high up in trees. Some 
nest on cliffs and ledges, or on the ground in 
prairie or marsh land. All lay strong, heavy- 
shelled eggs with granular surfaces. 
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The order Falconiformes is made up of 
five families. The family Cathartidae con- 
tains the New World vultures. The family 
Accipitridae includes the Old World vul- 
tures, hawks, eagles, and kites. The falcons 
are placed in the family Falconidae. The 
osprey by itself makes up the family Pan- 
dionidae. The secretary bird of Africa is 
also the only species in its family, the Sagit- 
tariidae. 


THE VULTURES 


Vultures are heavy birds that may 
weigh 10 kilograms or more. They have 
weak legs with feet adapted for standing or 
walking and a long middle toe that helps the 
birds balance their ungainly bodies. 

Vultures feed almost exclusively on 
dead animals. They have an absolute immu- 
nity to the poisons produced in decaying 
flesh — poisons that would kill many other 


creatures. o 
Vultures hunt in a wide range of hal 


itats. With their remarkable eyesight 
they can detect the smallest dead animal 
from tremendous heights. When one 


vulture swoops down on a find, its geai 
is seen by others for kilometers around, ani 

it takes only minutes for a flock to gather on 
the carcass. When the birds are gorged, 


they cannot fly away and are easily 
captured. It is interesting to note that 
captive vultures that become accustomed 
to food that is not putrid will, in some cases, 
refuse tainted meat. 

Vultures lay their spotted eggs on the 
ground under a log, in a hollow tree, or in a 
cave. The young of these birds are covered 
with whitish down and are helpless for a 
long time. Young vultures are quite noisy. 
Adults make no sound except a hiss. 

Vultures display some interesting be- 
havior. In North America they have 
learned to patrol the highways for run-over 
animals. The Old World lamb vulture 
carries the bones of large animals aloft and 
drops them on rocks. The bones break open 
and the bird can easily get at the marrow. 

There are six species of New World 
vultures and 14 species in the Old World. 
The turkey vulture, Cathartes aura, is the 
most widely distributed of the New World 
vultures. Its range extends from Canada to 
the southern part of South America. This 
vulture can be distinguished by its reddish 
head and neck and its long wings. The 
South American condor, Vultur gryphus, is 
one of the largest living birds, with a wing- 
span of up to three meters, This vulture is 
found in the Andes Mountains from Vene- 
zuela to Patagonia. 


An osprey, or fish hawk, brownish above, white 
below. It typically dives for fish, seizing the fish with 
its long curved claws. 


O. Ronald Austring, Avdvban/PR 
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TRUE HAWKS AND EAGLES 


Broad-winged hawks. The broad- 
winged, fan-tailed hawks include the red- 
shouldered, red-tailed, broad-winged, Har- 
ris’, Swainson’s, and rough-legged hawks 
and the bald and golden eagles. With ex- 
tended wings and spread tails these birds 
circle high overhead, as do the vultures. 
However, with the exception of the eagles, 
they are smaller than the vultures. 

In general, these birds live in wooded 
districts but do most of their hunting about 
open fields. Most of them feed principally 
upon small rodents and the larger insects 
and thus are beneficial to mankind. 

These hawks are best identified by the 
dark marking on their underparts. The 
broad-winged hawk has the under surface 
of the wings pure white with the exception 
of the dark tip formed by the dark first pri- 
mary feathers. The under surface of the 
red-shouldered hawk’s wings is barred but 
with no distinct black patch. The red-tailed 
hawk has a distinct crescentlike black patch 
at the second joint of the wing. 

The eagles are usually recognizable by 
their large size. From ancient times the ea- 
gle has been regarded as a symbol of bold 
Strength and courageous character. It is 
often found in mythology. Its form has been 
used in art, heraldry, and religion. 


A bald eagle on its nest. This bird is not actually 
bald—adults have Snowy white head feathers. 
Karl H. Maslowski, Audubon/PR 


The bald eagle, Haliae: ucoceph- 
alus, of North America, \ chosen as 
the national bird of the Unit States be- 
cause of its majestic appeara: ather than 
its habits, for it feeds princip n fish cast 
up by the waves or those th: teals from 
an osprey. In the adult the h nd tail are 
white; they are brown in tł ling. The 
young require four years to lop adult 
plumage. 

Young bald eagles are imilar to 
the dark brown golden eagl pt in the 
feathering of the legs. The | eg of the 
bald eagle is bare. That of ti len eagle 
is feathered all the way to the 

The golden eagle, Agu rysaetos, 
lives in mountainous areas | shout the 
Northern Hemisphere. It is ch more 
active bird than the bald e id preys 
upon rabbits, grouse, youn ibs, and 
fawns. Extensive killing by n beings 


has greatly diminished their r rs, 
‘ccipiter, 


Short-winged hawks, g 
include three common Ni \merican 
species: the sharp-shinned h Cooper's 
hawk, and the goshawk. The wait for 
prey and their wings are ada » sudden 
bursts of speed from a static osition. 
These three are responsible í sst of the 
killing of poultry and game birds for which 
the hawk family generally i ned. The 
sharp-shinned hawk itself ha metimes 
been killed for food by people this bird 
is now protected by law. 

Two thirds of a meter or less in length, 
the short-winged hawk seldom wheels aloft 
on the lookout for food. It flies sy iftly from 


Place to place, flapping its wings rapidly a 
few seconds and then gliding noiselessly, 
ready to drop like an arrow among a flock 
of poultry. It seizes the victim in its talons 
and leaves quickly. After it has reached 
some favored branch or log, it plucks the 
bird before eating it. Short-winged hawks 
diving for prey may reach a speed of more 
than 300 kilometers an hour. They are 
known to pounce upon game birds that 
have just been shot before the surprised 
hunter has a chance to retrieve them. 


KITES AND MARSH HAWKS 
The kites, the lightest and most grace- 


ful of the hawks, are almost swallowlike in 
their ight. This is true especially of the 
New orld’s swallow-tailed kite, Elan- 
oides forficatus. It is a strikingly marked 
white and black bird about Y2 meter long, 
whose <wallowlike appearance is augment- 
edb ieeply forked tail. A troop of these 


birds skimming the water like a band of 
swallows, darting after one another in play- 
ful s , rising abruptly high into the air, 
divi nd sailing is a beautiful sight. 

interesting bird in this group is the 
Eve les kite, Rostrhamus sociabilis, 
whic found from Florida south to Ar- 
gent It depends entirely on a certain 
larg shwater snail for its food supply. 
Its | idapted to draw the snail from its 
shel very long and slender. 
. marsh hawk, Circus cyaneus, lives 
in F ia and North America. In spite of 
its | body and long wings, it does not 
look the kites. It can be identified by a 
whi itch above the tail. Except during 
mig ), it is usually found near marshes, 
althe it often feeds in open fields where 
mic abundant. Most of its food con- 
sists nice, frogs, snakes, and other small 
cres . 

marsh hawk nests on the ground, 
usu in the marshes but sometimes by 
stur n upland pastures, and lays from 
five even pure white eggs. During the 
mat season the male performs curious 
evo ns in the air, sometimes turning 
som ults from a considerable height 
towa:d the ground or, again, “looping the 
loop” on an angular course across the 
mars 
THE OSPREY 


The fish hawk, or osprey, Pandion hal- 
iaetus, is most abundant along seacoasts, 
but is found inland near most large bodies 
of water from the tropics to the Arctic Cir- 
cle. With slight variations, it is found all 
Over the world. 

The osprey sometimes nests in small 
colonies where food is abundant and pro- 
tection is afforded. It builds an enormous 
nest of sticks, usually at the top of a bro- 
ken tree, although under protection it some- 
times descends to nest on the ground. 


N.Y. Zoological Society 


Falcons are adapted for great speed. The sparrow 
hawk is the smallest of the North American falcons. 


Ospreys may be confused with bald 
eagles because of their great wing expanse 
and the large white areas on the head. Un- 
like eagles, however, their underparts are 
white and their tails dark. 

Ospreys feed entirely on fish, which 
they locate near the surface of the water 
while they hover overhead. With a plunge, 
often from some height, the fish hawk 
catches the fish with its talons. The fish fre- 
quently weigh one or two kilograms. 


THE FALCONS 


Approximately 50 species of falcons 
are known. Placed in the same family, the 
Falconidae, are some nine species of cara- 
caras. The latter are common in Central 
and South America. 

The falcons have pointed wings adapt- 
ed for great speed rather than for soaring. 
They pursue and strike their prey in full 
flight. These powerful birds, vigorous and 
fierce hunters, were tamed and trained for 
the chase in China as early as 2000 B.C. 
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By the ninth century, falconry had 
spread to England. The females, called “‘fal- 
cons,” were prized above the smaller 
males—the “tiercels.” The most favored 
species was the peregrine, which was fierce 
and yet tractable. 

The falcon is captured either as an 
eyas, or nestling, or during the annual mi- 
gratory flight. Training has changed little in 
4,000 years. The captive is hooded and fet- 
tered and it is taught to respond to the feed- 


Tropical monkey-eating eagles. Top: the rare Pithe- 
cophaga jeffreyi of the Philippines. Bottom: the 
harpy of Central and South America, shown with 
another favorite prey, a paca 


New York Zoological Society 
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ing call. Only when it is tame 
handled is the hood remove: 
falcons show a good dea! 
their owners and a keen int 


ind can be 
Well-handled 
ichment to 
and intelli- 


gence in their work. They : uned to kill 
the quarry and remain upo ntil the fal- 
coner calls the bird to his 

A common group of mS are the 
kestrels, of the genus 7 vhich are 
worldwide in distribution Yew World 
kestrel (F. sparverius), is s imes called 
the sparrow hawk becau eats small 


birds— though its more 
sists of rodents and insect 


HUNTERS BY N 


tare con- 


The owl, unlike the ot is of prey, 
usually hunts at night. A | ird, it can 
adapt to desert, mountair swampy 
terrain. In most cases it mi nly short 
distances. 

There are some 300 of owls. 
Owls are found in all co nd under 
all conditions. These bir ` in type 
from small, rather mild 15 neter-long 
insect-eaters to fierce bird than 60 
centimeters long. The latte ipable of 
taking over an eagle's nest 

In many countries and iges, the 
owl has been the object of it supersti- 
tions. There seemed to be thing un- 
canny about a bird that hid d g the day 
and only came out at night. } »eople are 
aware, however, that when this bird comes 
near houses, it is to rid the barn or garden of 


mice and rats. 
GENERAL CHARACTERISTIC 


Coloration. In owls that live in wood- 
lands, the predominating colors are browns 
and grays, streaked, mottled, and barred in 
Shades that imitate the colors of dead wood 
and bark. Their hues hide them effectively 
during the day, when they are hidden in hol- 
low trees or perched on branches close to 
the trunk. The heads of many species bear 
tufts of feathers, called horns or ears, which 
break up the outline and make the protec- 
tive coloration more effective. 

The short-eared owl, dweller of open 
marshes, is pale buff in color and finely 
streaked with brown, which makes it incon- 


spicuous in the dead and tangled low vege- 
tation. The burrowing owl is of a dull sandy 
color. The snowy owl of the Arctic is al- 


mos’ entirely white. None of the owls show 
any brilliant colors. 

yes. An owl's eyes are set immovably 
in their sockets and directed toward the 
fron’. Therefore an owl, in order to look at 
at cular object, must move its whole 
head, and not simply turn its eyes toward 
tha t. 

e eyes of owls are very large. The 
size o“ the retina is further increased by an 
app. dage, called the pecten, situated in 
the idle of the eyeball. Thus equipped, 
the is able to register the faintest light 
ray necessity for birds that hunt during 
the it. 

is commonly believed that owls can- 
not see during the day. As a matter of fact, 
they can see very well. And, in fact, certain 
specics hunt regularly by day and some 
occ nally, particularly if they have 
yours to feed. The snowy owl, for instance, 
live. most of the year in the Arctic, where 
the s are six months long. Obviously it 
mt lapt itself to hunting in daylight. 

1e owl has well-developed eyelashes, 
wi are uncommon in birds. When the 
ow! closes its eye, the upper eyelid moves 
downward. In other birds, the lower eyelid 
moves upward. 

irs. Owls are not dependent on their 
eyes alone for hunting, for their hearing is 
verv keen. The owl is the only bird having 
an ternal ear suggesting that of the 
mammals. The ear is concealed and partly 


protected behind the radiating feathers of 
the bird’s facial disk. In some species a 
funnellike arrangement of feathers serves 
as a sort of ear trumpet. The slightest rustle 
in the leaves or grass is heard by the owl, 
which swoops down on its prey noiselessly. 

Feet. The owls differ from all the birds 
of prey, except the osprey, in the arrange- 
ment of the toes. The outer toe may be 
turned forward, backward, or outward. 
When it is turned back in perching, the owl 
gets a much stronger grip. This outer toe 1s 
also turned back when the owl is about to 
strike its prey, thus making its foot a most 
efficient weapon. 


_ Feathers. The feathers—especially the 
wing feathers—are soft and fringed with 
down. Therefore these birds make very lit- 
tle noise as they fly. The North American 
Indian name for the owl—“‘hush wings” — 
was bestowed because of the bird’s quiet 
flight. 


THE DIET OF OWLS 


Nocturnal small animals form the bulk 
of the owl’s diet, small rodents being the 
chief food. Some species also feed on in- 
sects, snails, frogs, or larger animals. The 
great-horned owl is the only species that 
preys on poultry to any extent. A fierce, 
bold hunter, it will also attack skunks, 
turkeys, and domestic cats. 

The rest of the owls are among the 
most beneficial of birds, and represent an 
extremely effective natural check on the 
increase of small rodents. The meadow 
mouse, for example, which feasts on stored 
grain and attacks the bark of young fruit 
trees, has from five to eight young in a litter 
and from three to six litters a year. If their 
numbers increased unchecked, they could 
do untold harm. It is fortunate, indeed, that 
they are sought after so greedily by owls. 

The roving habits of some owls make 
them particularly efficient protectors of 
grain crops. When, for example, meadow or 
field mice become abundant in a locality, a 
flight of short-eared owls often follows. 
They remain in the area, nesting if need be, 
until the rodents once again become scarce. 


REPRODUCTIVE ACTIVITIES 


Most owls make no pretense at build- 
ing nests but lay their eggs in cavities of 
trees and other convenient places. They 
sometimes use the old nests of crows, 
hawks, and even squirrels. Some owls, 
however, including the screech owl and the 
short-eared owl, build crude nests on the 
ground. f 
Owls breed very early. All lay white or 
whitish, spherical eggs. There are generally 
from three to five eggs in a single clutch, or 
brood, but the number may vary consider- 
ably. , i 
Owls usually begin to incubate as soon 
as the first egg is laid. Sometimes both par- 
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Frank Dufresne, U.S. Fish and Wildlife Service 
The snowy owl and its eggs. This bird lives in the 
Arctic, but is sometimes seen in Canada and in the 
northern United States. 


ents sit on eggs side by side. The first eggs 
may be hatched much sooner than the last. 
Baby owls are thickly covered with 
down when they emerge from the eggs. At 
an early age they display certain instinctive 
defense reactions. For example, when mo- 
lested they fluff out their feathers and either 
hiss or make clicking sounds with their 
bills. It takes the young bird a comparative- 
ly long time for its flight feathers to develop. 


BARN OWLS 


Most owls belong to the family Strigi- 
dae. The barn owls are placed in a separate 
family, the Tytonidae. The furculum, or 
“wishbone,” in barn owls differs from that 
in other owls. 

There are ten species of barn owls. 
One found in most parts of the world is 
Tyto alba, the common barn owl. Tyto alba 
is about 45 centimeters long. Its back is 
mottled buff and grayish. Its underparts 
show buff speckled with black. The feath- 
ers of the face radiate outward, forming a 
heart-shaped disk. 

A hollow tree, a barn, a steeple, or 
even a hole in a bank may serve this odd- 
looking owl as a egg-laying site. 


OTHER SPECIES 


The great grey owl, Scotiaptex nebulo- 
sa, is one of the handsomest members of 
the family Strigidae. It haunts the forests of 
Canada and Alaska but in winter it migrates 
south into the northern part of the United 
States. It is a large bird — measuring 75 cen- 


timeters in length—with grayish brown 
plumage. 
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The great horned ow! bo virgini- 
anus is a magnificent North \erican bird 
measuring 60 centimeters in length, It has 
very prominent ear tufts at 5 centime- 
ters long. This owl is color »oty brown 
or dusky and is streaked « ttled with 
grayish white. A relatec the eagle 
owl, Bubo bubo, is the lar European 
owl, averaging 65 to 70 cent s. 

The barred owl, Srria . ranges 
from southern Canada to M lt hunts 
in the deep solitudes of ck ests and 
forbidding swamps. It is at ) centime- 
ters in length, having a brow iage with 
whitish bars. It has no ear ti 

The snowy owl, Nyi liaca, is 
white, lightly barred with br ind about 
55 to 65 centimeters in leng! pends the 
summer on the Arctic tun | winters 
from the Arctic shores sot feeding 
on rabbits, lemmings, and pt n. 

The long-eared owl, lives in 
coniferous forests throu Europe, 
Asia, and North America. ! ear tufts 
like those of the great horr wl. It is 
much smaller and more sles iowever, 
and does not have the whit at patch 
characteristic of the larger b 

The short-eared owls, 4 immeus, 
are found near grassy marshe pastures 
throughout the Northern H here and 
in South America. Numbers ese birds 
spend the day together, us on the 
ground or in tangled places. 

The commonest owl in North America 
is the little screech owl, Orus asio, not 


much larger than a robin, but much heavier. 
It is found even in large cities in hollows of 
trees or in crevices about buildings, for the 
mice upon which it feeds are everywhere. 
Different individuals may show varying 
shades of tan, gray, or brown without re- 
gard to age or sex. The call of the screech 
owl is really not a screech, but a low tremu- 
lous whistle. Other species of screech owls 
are found in various parts of the Americas. 
The saw-whet, or Acadian, owl, Aego- 
livs acadicus, is only 20 centimeters long. 
Its range extends from Canada to Mexico. 
It spends the daytime in evergreen thickets 
or brush and often sleeps so soundly that it 
does not stir even if taken in one’s hands. 


WILD 
FOWL 


( ls, grouse, turkeys, and pheasants 


are v owl. They are also know as upland 
game is for two reasons: they are usu- 
ally id in grasslands and forests, rather 
than varshy areas at the edge of water, 
and t wre fine game for hunters. 

y, the numbers of these splendid 
birds -ve been greatly reduced during the 
year inters value them not only for the 
spor because they are good to eat. In 
addit farms, houses, and other human 
deve ients have encroached on their 
land 

se birds are members of the order 
Gall nes. The order contains more than 
250 ies, placed in seven families: 

family Phasianidae includes pheas- 
ants rtridges, peacocks, quails, and the 
don chicken. 

family Tetraonidae includes the 
grous- ptarmigans, and prairie chickens. 


Meleagrididae are the turkeys. 
Megapodiidae includes jungle- 


fowl. crush turkeys, and other fowl found 
only \ustralia and on nearby islands. 

Numididae contains the guinea- 
fowl o: Africa. 

Cracidae contains curassows, 
chachalacas, and guans—forest-dwelling 
birds found only in Central and South 
Ame a 


he family Opisthocomidae contains 
only one species, the tropical hoatzin, Op- 
isthocomus hoazin. 

There is a considerable amount of con- 
fusion in the usage of such common names 
as “grouse,” “partridge,” and “quail.” 
These names are applied to quite different 
birds in some parts of North America and 
interchangeably in others. For example, the 
harlequin quail is also known as the Monte- 
zuma quail, massena quail, fool quail. fool 
hen, and black quail. Similarly, the moun- 
tain quail is often called the plumed par- 


tridge or mountain partridge. 


Jack Dermid, Audubon/PR 


There's no mistaking this wild fowl. The peacock 
has a large fan of showy, beautifully colored 
plumes. The female peafowl, or peahen, is rather 


drab. 


This confusion of names can probably 
be traced back to the early settlers in the 
United States and Canada who first named 
the birds. They often mistook the American 
birds for similar species native to their 
European home. For example, an immi- 
grant from central Europe, who might have 
been familiar with a species of European 
partridge native to his home, would call any 
similar birds he saw in America by the 
name of that partridge. In many cases, the 
bird to which he was referring was not a 
partridge at all, but a turkey, quail, or 


grouse. 
GENERAL CHARACTERISTICS 


The Galliformes are mostly ground 
dwellers. Turkeys and many of the grouse 
keep to the deep woods. Some of the 
grouse, however, frequent open prairies 
and deserts. The bobwhites and ring- 
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Kari H. Moslowski/ PR 
Quail are ground-dwelling wild fowl. Top: the Cali- 
fornia quail has a crest of feathers that give it its 
other name: the helmet quail, Bottom: North Ameri- 
can quail—the bobwhite. 


necked pheasants often live about farm 
lands, and ptarmigans, above timberline. 

They may be rather large birds, with 
heavy bodies, small heads, and stout, short 
bills. They have short, rounded wings that 
are strong, but the birds do not fly long dis- 
tances. Their stout legs are moderately 
long, and the three front toes are often 
slightly webbed. 

Most upland game birds are not con- 
spicuous, but, rather, blend in with their 


WILD FOWL 


surroundings. However, ; of the plum. 
age of turkeys and phe s are richly 
colored. And the order ns the most 
spectacularly colored of is, the male 
peafowl —better known a eacock. 
The upland game bir: k together 
at mating season and ther ir separate 
ways to make their nests us natural 
hiding places on the grot m 6 to 18 
eggs are laid. When the yo re hatched, 
they are already covered vn and are 
able to care for themse hese birds 
have a varied diet depend on the sea- 


son of the year: weed se s, berries, 


insects, snails. 
THE QUAILS 


Quails are fowllik: vm. New 
World species have large odies and 
small heads. 

Old World quail, | ig to the 
genus Coturnix, are much than their 


American cousins. Many m are no 
larger than sparrows. 

The bills are stout, shor d convex. 
The outer edge of the lowe ible is dis- 
tinctly serrated, or notc! the New 
World quail. In the Old \ quail, the 
edges of both the upper : er mandi- 
bles are smooth. 

The legs and toes of g ually lack 
feathers and are scaly. O nally the 
three front toes are webbed > hind toe 


quail lack 
ls that are 
juail wings 
unded, and 


can be elevated. Most Ame 
the tiny feathers inside the 1 
found in the English quail. T} 
are normally short, arched 

quite strong. k 

In habit and habitat, most quail are 
strictly ground-dwelling birds. Some favor 
open and cultivated fields. Others prefer 
wooded areas and mountains. 

The mating season usually occurs 
around February. Most quail tend to be 
rather promiscuous during this season. The 
males go through elaborate courtship pro- 
cedures and usually collect harems. The 
females lay 10 to 15 eggs in May or June. 
Both parents are devoted to their young: 
the female constantly cares for the eggs 
while the male guards the nest. In some 
Species, the males have been known to pur- 


posely attract attention to themselves when 
danger approaches so that the nest will not 
be harmed. When the eggs hatch, the young 


quai! are quite well-developed and are able 
to forage for food for themselves within a 
few urs. They may even be able to fly 


when one week old. 
e best-known North American quail 


is th- northern bobwhite, Colinus virgini- 
anti hich is found from southern Canada 
to ico. Other bobwhite species, also 
mer s of the genus Colinus, are common 
in ? co and Central America. All are 
knc »y their call: “bob-white.” 
northern bobwhite is extremely 

pop for a variety of reasons. It has al- 
wa) >en a favorite game bird and its call 
is considered to be quite musical. It is now 
pro d in some parts of the United 
Sta secause it feeds upon the destructive 
cott oll weevil. 

like most of the gallinaceous birds, 
the white is not polygamous. It is a de- 
voted mate and a conscientious father, 
hel; to incubate the eggs and care for the 
you it selects a protected area under a 
fall ranch or log, or in high grass that 
can ent to form a roof. It then scratches 
out lepression where the female lays 
egg id incubates them until hatched. 
Bob» hite eggs are the whitest and most 
pointed of any of the gallinaceous birds. 

the close of the breeding season, the 
birds gather in large flocks, or covies, which 
may consist of all the members of only one 
org aps two families. The covies gener- 
ally are to be found in an open field or gar- 
den where food is plentiful. They remain 
together, unless scattered by hunters, until 


the wintertime, when they retire to more 
wooded areas. At night, the covies form 
circles, suggesting the wagon-train arrange- 
ment of early North American settlers. 
Each bird in the circle stands with its tail 
pointing to the center and its head pointing 
outward, When the birds are disturbed and 
take to the air, the circle seems to explode. 

The California quail, Lophortyx cali- 
fornica, ranges from northern California 
south into Mexico. It is slate blue, with a 
crest of club-shaped feathers that remain 
erect and curved forward, giving the ap- 


pearance of a helmet. For this reason it is 
sometimes called the helmet quail. The 
feathers are bare at the base and swollen at 
the tips. The male’s plumage includes areas 
of soft grays and warm browns; the fe- 
male’s coloring is plainer. 

The scaled quail, Callipepia squamata, 
lives in semi-desert regions of the south- 
western United States and Mexico. The 
scaled quail is gray in color. The feathers of 
the neck and breast are edged with black, 
giving the appearance of scales—hence the 
name of the bird. There is an inconspicuous 
tuft of white feathers on its crown; this ac- 
counts for another of this bird’s names — the 
“cottontop.” 

The common European quail, Cotur- 
nix coturnix, is a solitary animal except dur- 
ing periods of migration. It lives in pasture 
and crop lands and is a difficult bird for 
hunters to flush. 


THE PHEASANTS 


The pheasants are all native to the con- 
tinent of Asia and the nearby islands. 

Most of the male members of this fami- 
ly are brilliantly colored so as to attract 
their mates. The coloring of the females is 
dull by comparison. For example, the male 
English pheasant, Phasianus colchicus, has 
a peacock-blue head and neck that are 


Male ring-necked pheasant. Pheasants are native 


to Asia but now flourish in many other areas. 
Leonard Lee Rye Ill, Audubon/PR 
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glossed with green, purple, and bronze 
metallic reflections. The sides of the head 
are scarlet. The feathers of its back are or- 
ange-brown, with streaks of green, buff, and 
black. The tail is olive-brown with black 
bars. And the breast is a glossy copper 
brown edged with purplish hues. The fe- 
male, in great contrast, is a very plain 
brownish color. 

The common pheasant was successful- 
ly introduced into England many years 
ago—according to some accounts, by the 
Romans. It is still raised there for hunting 
purposes. The Chinese ring-necked pheas- 
ant was introduced into the United States 
in 1880. However, the well-known ring- 
necked pheasant now found in the United 
States is not the same Species that was 
brought over in 1880. It is a hybrid—a 
cross between the original Chinese ring- 
necked variety and the English common 
pheasant. This hybrid has flourished in the 
New World, 

The pheasants possess Strong legs with 


Ptarmigans live in arctic 


season to season gray 


Charles G. Summers Je /PR 


which they can run to ce 
They can fly for short d 
with some effort bec 
relatively short. The ta 
outstanding feature of 
species, the argus phe 
argus, of Southeast Asi 
ters long, of which 1.8 m 


THE GROUSE FAMILY 


The family Tetrao 
vided into three distin: 
plarmigans, (2) the gro 
the prairie chickens and 

The birds of this fa 
larger than quail, measur 
meters in length, as con 
to 30 centimeters of the 
fully feathered in most 
they live in areas of sno 
in the far north, even the 
this enables the birds te 
on snow, The leg feath 
the grouse from quail 


and subarctic regions. They ct 
and brown in summer: white in w 


iite rapidly, 
but only 
wings are 
rtainly the 
irds. One 
Irgusianus 
it 2.5 me- 

i 


iy be di- 
(1) the 
and (3) 


generally 
50 centi- 
th the 10 
e legs are 

because 
ies found 
eathered; 
ore easily 
istinguish 


nage from 


Jubon/PR 


he ptarmigans inhabit arctic and sub- 
arctic regions and rocky areas on the peaks 


of | mountain ranges. They are the only 
birds in the entire gallinaceous order that 
cha their plumage from one season to 
anc r. As is common with animals that 
sp large part of their lives in snow, the 
pt in has a pure white winter Coat; this 
ble admirably with the snow back- 
gr and helps conceal the bird from its 
for 1e summer coat of mottled gray and 
bri also provides excellent camouflage; 
it ds beautifully with the lichen- 
cc ! rocks amid which the ptarmigan 
m its home. 


| ptarmigans belong to the genus 


f i. There are many species, each 
na to Certain specific areas. L. rupestris 
is l in Greenland; L. hemileaurus, on 


th ir island of Spitsbergen; L. leucurus, 
in anadian Rockies and the Sierras of 
the United States. Another species, the red 
gr f Great Britain, is actually a ptar- 
m L. scoticus. It is the only member of 
th nus that is confined to the British 


here are a number of species in the 


gi o which the name “grouse proper” is 
ap l. These birds are inhabitants of 
wo ‘d areas in the temperate zone. Per- 
h the best-known is the ruffed grouse, 
B a umbellus, of North America. It is 
al 45 centimeters in length. It has red- 
di own plumage, occasionally mixed 
with gray and yellow. The name of the 
ruffed grouse is derived from the tufts of 
bl feathers on the sides of its neck. 
These feathers can be raised and spread so 


as to form a ruff. : 

The courtship procedure of this bird is 
very curious. During the breeding season, 
the male bird mounts a hollow log, struts 
back and forth with its tail spread and ruff 
erect, and rapidly beats its wings, produc- 
ing a hollow rumbling sound known as 
“drumming.” i 

The black grouse, Lyrurus tetrix, of 
Europe and Asia has a similar mating ritual, 
during which the male dances and sings. 
It nests on the ground but may be found 
in trees. It inhabits moors, rocky heather- 
covered areas, and peat-moss regions. 


A. W. Ambler, Audubon/PR 
Top: a sage grouse displaying. The male inflates air 
sacs on his neck to impress onlookers. Bottom: the 
guineafowl, a game bird of Africa and Madagascar. 


The prairie chickens of the genus 
Tympanuchus inhabit the open plains and 
semi-arid regions of North America. Nor- 
mally about 45 centimeters long, a prairie 
chicken weighs almost a kilogram. It is 
reddish-brown in color with small markings 
of red and black. On the sides of its neck 
are air sacs that can be inflated at will. 
During courtship, the male inflates these 
sacs and then rapidly expels the air with a 
loud booming sound calculated to attract 
females. The male also does a characteristic 
dance as part of the courtship routine. 

The heath hen, Tympanuchus cupido 
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Wild tom turkey. Wild turkeys have been widely 
hunted and are now quite rare 


cupido, also called the eastern prairie 
chicken, was once found in large numbers 
throughout the coastal plain of New En- 
gland and the Middle Atlantic states. Un- 
fortunately, it was so relentlessly hunted by 
people that its numbers decreased sharply. 
Finally there was only a small flock left on 
the island of Martha’s Vineyard, where 
they were protected by rigidly enforced 
laws. This protection did not avail. The last 
heath hen to be seen alive disappeared on 
March 11, 1932. Bird authorities now agree 
that the heath hen is extinct. 


WILD AND DOMESTIC TURKEYS 


Turkeys belong to the family Meleagri- 
didae. The name “turkey” is the result of 
mistaken identity. An Old World relative of 
the turkey, an African guinea fowl, was 
imported into Europe by way of Turkey. 
The guinea fowl then became known as the 
turkey cock in Europe. When the first 
Europeans settled in the New World, they 
confused the American bird with the tur- 
key cock. Consequently they gave the 
American bird the name “turkey.” 

The original North American wild tur- 
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key, Meleagris gallopavo ive subspe- 
cies distributed through rn Canada, 
the United States, and the xican pla- 
teau. There is one other of North 
American wild turkey, the ed turkey, 
Agriocharis ocellata, whi stricted to 
the Yucatan peninsula of \ It gets its 
name from the ocelli, or spots, on 


its tail feathers. 

The turkey that the P 
first Thanksgiving was a 
cies of Meleagris gallopa 
wild turkeys were plentifu 
wooded areas of the land 


ite at the 
1 subspe- 
hat time, 
hout the 
rtunately, 


they were hunted down 1 ly. They 
are now quite rare and po ir extine- 
tion. The male stands al eter tall 
and weighs about nine kilog lhe plum- 
age shines with a metall reflect- 
ing browns, reds, greens, | I blacks, 

The North American \ key may 
be distinguished from the d turkey 
by a peculiar tuft of hairlil ers that 
hang down from the breas e some- 
times known as a “breast | Fhe wild 
turkey has powerful legs ngs. Al- 
though it prefers to rema ground 


and run from danger, it is pable of 


flying well over short distan 


Male turkeys of bot! vild and 
domestic species are poly and are 
constantly seeking to add í males to 
their harems. Consequent ing the 
mating season, most males | isly strut 
about trying to attract pros e mates. 
Often their promenading is upted as 
they fight with other males 

The original domestic tur is a Mex- 
ican subspecies domesticated he Aztec 
Indians in Mexico long before ! uropeans 
ever voyaged to the Americas. This species 
was brought back to Spain in 1519 and then 


distributed throughout Europe. It was Im- 
troduced into England some time between 
1524 and 1541. 

The original Mexican species _was 
crossbred with many other varieties after it 
was brought to Europe. Many of the mod- 
ern varieties of domestic turkeys resulted 
from this intensive crossbreeding. A num- 
ber of these domestic breeds were reintro- 
duced into North America. 


PIGEONS AND DOVES 


V cerever one goes, there are pigeons 


or di Hordes of common, or domestic, 
pigeo’~ have firmly established themselves 
in lar’ cities around the world. Mourning 
dove: «re found in great numbers in small 
citie ıd towns and in many rural areas. 
Only ‘e arctic and antarctic regions are 
exclu -d from the range of pigeons. 

ons and doves make up the family 
Columbidae, one of two families in the or- 
der Columbiformes. The other family, Pter- 
ocli« contains the sandgrouse, which, 
depe='ing on the species, inhabits areas of 
Eur Asia, and Africa. 

e flightless dodo, now extinct, also 
was vember of this order. This bizarre 
bird was larger than a turkey. It had a com- 
pari ly large head and an enormous 
bea hich was hooked at the tip. Dodos 
flor ed in the islands of Mauritius and 
Réur on, in the Indian Ocean. When Euro- 
pean+. with their domestic animals, moved 
to the island homes of the dodos, the big 
birds were doomed. By the end of the sev- 
entcenth century they were extinct. 


GENERAL CHARACTERISTICS 


or practical purposes, the terms “pi- 
geon” and “dove” can be used interchange- 
ably. However, the name “dove” is more 
properly applied to the smaller species of 
the family Columbidae. 

Pigeons and doves have small heads 
and are decidedly plump and full-breasted. 
Their feet are so adapted that they can live 
with equal facility on the ground or in the 
trees, Their bills are horny at the tip and 
have a swelling, called the cere, at the base. 
The powerful wings are pointed. The notes 
of most wild pigeons and doves are soft, 
cooing sounds. 4 

These birds feed chiefly on fruits, 
grains, and weed seeds, although insects 
also form a part of their diet. When a pigeon 
or dove drinks, it immerses its bill to the 


nostrils and sucks in continuously. As you 


may have observed, other birds drink in 
small gulps, hold up their heads, and swal- 
low with the aid of gravity. 

Some pigeons and doves live in large 
flocks. Others are solitary creatures. The 
male and female share the duties of nest 
building, sitting on the eggs, and feeding the 
young. The nest, made of twigs, is a very 
flimsy structure, in which one or two im- 
maculately white or buff eggs are laid. The 
young are fed on pigeon milk, a substance 
secreted by the lining of the parent’s crop. 
The adult bird pumps it into the mouth of 
the young. Pigeons and doves mate for life. 
When one of the mates dies, it is some time 
before the other accepts a new partner. 

None of the surviving species of doves 
and pigeons approach the dodo in size. 
They dwell in the temperate and tropical 
zones throughout the world. The greatest 
number of species is to be found in the is- 
land chains off southeastern Asia. The 
plumage of these Asian birds is particu- 
larly handsome, showing brilliant shades of 
red, green, and purple. 


THE DOVES 


The dove has long been a symbol of 
gentleness, love, and purity. It figures in po- 
etry and legend, both ancient and modern. 

The mourning dove, Zenaidura macro- 
ura, which is about 30 centimeters in 
length, is easily identified, for in flight the 
tips of the outer tail feathers show a distinc- 
tive white band. The bird displays a black 
spot on the side of the head, behind and 
below the eye. The breeding range of the 
mourning dove extends through southern 
Canada and the United States southward 
into Mexico. Sometimes as many as three 
or four broods of young are raised in a sin- 
gle breeding season. 

Mourning doves are among the first 
migrants to return north each year. Their 
mournful calls on a spring morning are in 
sharp contrast to the bubbling lay of the 
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The mourning dove, which is 
found from southern Canada 
to Mexico. 


song sparrow. When the dove flies, the whis- 
tling sound produced by the wings can be 
distinctly heard. The mourning dove feeds 
principally on weed seeds and grasshoppers 
and thus is an ally of mankind. 

The turtle dove, Streptopelia turtur, of 
Europe is very similar to the North Ameri- 
can mourning dove. It is fawn-colored, with 
a larger black mark on the sides of the head. 
The attention that the turtle dove pays its 
mate is legendary. The paired birds sit and 
coo to each other for hours at a time. They 
inhabit woodland and open, bushy country- 
side. 

The Inca dove, Scardafella inca, is dis- 
tributed from the southwestern United 
States through Mexico and into Central 
America. About 20 centimeters long, it is 
grayish-brown above, grayish-red and buff 
on the underside. It nests in bushes, often 
very close to human dwellings. In farm- 
ing areas, Inca doves can often be seen in 
barnyards, sharing a grain dinner with the 
chickens. 


WILD PIGEONS 


The most colorful pigeons inhabit 
areas of the eastern hemisphere. There are 
many attractive species. The topknot pi- 
geon, Lopholaimus antarcticus, of Austra- 
lia has gray feathers—and a bright rust-red 
topknot on its head. The crested pigeons of 
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Grant Heilman 
the genus Goura are nan a crest of 
rigid feathers on their head ir feathers 
are slate-blue, with area brick red. 
These are the largest of ons. They 
equal large chickens in siz 

The band-tailed pige: lumba fas- 


th a range 


ciata, is an American spe z 
agua. Itis 


from southern Canada to 


about the size of the dome eon. It has 
brownish and grayish uy ts, and a 
purplish-pink head and ur rts. There 
is a white collar on the b the neck, 
and a broad pale gray banc the end of 
the tail, which is black abi The band- 
tailed pigeon feeds largely o! rns, young 


sycamore balls, and wild berr 
The passenger pigeor 
migratorius, now extinct, w 


Ectopistes 
ı native of 


North America. It was bluish-gray above 
and reddish-fawn below; it had a broad 
white tip on its tail. The bird measured 


about 40 centimeters in length. The last 
one died in the Cincinnati Zoological Gar- 
den, in Ohio, on September |, 1914. — 
Passenger pigeons lived together 1n 
enormous flocks, sometimes numbering 
over 2,000,000,000 birds Migratory flocks 
sometimes formed columns 350 kilometers 
long. It took them many hours to pass 4 
given point. In the places where the pigeons 
roosted, the vegetation became covered to 
a depth of several centimeters with theif 


excrement. The ground was strewn with 
massive branches broken off by the weight 
of the birds roosting on them. 


lankind is entirely responsible for the 
pass nger pigeons’ complete disappear- 
ance. For years, people mass-slaughtered 
the birds on their nesting grounds, shooting 
them. clubbing them, catching them in huge 
nets. and choking them by producing sulfur 
fumes beneath their roosts. People kept 
track of the flocks by telegram and over- 
took them by train. From one nesting 
ground in Michigan, over 1,000,000 birds 
were sent to market in a single year. When 
the market was surfeited with the pigeons, 
people continued to slaughter them and 
drove hogs in to fatten on the victims. 

After 1900, rewards of several thou- 
sands of dollars were offered for a pair of 
living passenger pigeons, but nobody ever 
collected any of these rewards. The last 
Kawi nesting took place in Michigan in 

8l. 


DOMESTIC PIGEONS 


The parent species of the domestic 
pigeon is the rock dove, Columba livia. In 
Europe this bird inhabits the rocky sea- 
coasts, but in Asia and North Africa it lives 
inland. There are about 15 subspecies, all 
of which possess the grayish coloration we 
see on pigeons of city streets. It is interest- 


UPI Photo 


Left: a common pigeon. These birds are found 
everywhere and are common in parks in large cit- 
ies. Right: many people raise and train pigeons as a 
hobby. These birds are in a race, They will travel 
from the start at the Nevada border and reach San 
Francisco in six hours. 


ing to note that ornamental domestic pi- 
geons will revert, in a few generations, to 
this type of coloring if they are not carefully 
selected for mating. 

In the domestic state, the pigeon has 
been carried to all parts of the world. More 
than 150 different kinds that breed true are 
now recognized by fanciers. Among the 
most interesting of the domestic strains is 
the homing pigeon. It is capable of flying 95 
kilometers per hour and can find its way 
back to its home loft when released up to 
2,000 kilometers away. It must be said, 
however, that this is not an unusual bird 
performance; as a matter of fact, many wild 
birds have even a stronger homing instinct 
and will find their way to their home loft 
over even greater distances. 

Other strains developed from the wild 
stock include the fantail, whose tail may 
have 42 quills instead of the normal 12, and 
the pouter, which is able to inflate its gullet 
to great size. The pompous swagger of the 
pouter pigeon is a veritable parody on the 
ordinary male pigeon’s inflated posture 
when cooing and strutting. 
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Hawk-headed parrot. Par- 
rots have strong hooked 
bills and grasping feet. 
Members of the parrot 
group are usually found in 
tropical and sub-tropical 
environments. 


OTHER 
NON-PERCHING BIRDS 


How are birds named? If you consid- 
er a variety of birds, you notice that their 
common names are based on many different 
characteristics. Some names are based on 
physical features. The hornbills, for ex- 
ample, are named for their horn-shaped 
beaks. 

Some birds are named for the songs 
they sing. “Poor-will, poor-will,” cries the 
poor-will. And you know who calls 
“cuccoo.” 

Hummingbirds are also named for 
the sound they made—not by their voices 
but by their wings. The wings move so 
rapidly that a humming sound is produced. 

Some birds are named for their be- 
havior. The roadrunner is named for the 
rapid way in which it can travel down a 
highway, making a sharp turn off the road 
only if some one chasing it is gaining. 

And many birds are named after the 
foods they favor. The diet of bee-eat- 
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ers consists largely of insec specially 
bees. Goatsuckers received | iame be- 
cause superstitious people saw the 
birds near goats and assun ncorrect- 
ly —the birds milked the goats 

In this article, we will discuss these 
and other non-song birds. These birds 
belong to very different grour p 

The order Psittaciformes contains 
tropical birds such as macaws. parrots, 


parakeets, and cockatoos. 

The order Cuculiformes includes the 
cuckoos, roadrunners, and some tropical 
birds. 

The order Caprimulgiformes includes 
birds with very wide mouths, small beaks, 
and tiny feet. Whip-poor-wills, night- 
hawks, and frogmouths are examples. ; 

The order Micropodiformes contains 
the swifts and hummingbirds. ; 

The order Coliiformes consists of the 
colies, or mousebirds. 


The order Trogoniformes consists of 


tropic rds called trogons. 

I rder Coraciiformes is a varied 
grou it includes hornbills, kingfishers, 
bee-« and others. 

order Piciformes contains birds 
that idapted for climbing and digging 
into i. Woodpeckers, toucans, puff 
bird honeyguides are examples. 
PAR AND THEIR KIN 

ibers of the order Psittaciformes 
hav rt, hooked bills that are strong, 
ena he birds to crack nuts and hard 
fruit ich foot has four toes—two for- 
war d two backward—and is well 
ada for climbing and grasping. Their 
long inted wings are generally strong. 
Mo ots are able to fly long distances 
in h of the plant matter or insects 
that uly make up their diets. An ex- 
cep s the kakapo, Strigops habrop- 
tilu New Zealand, which cannot fly 
ata 

se are noisy birds, with harsh, 
shri voices. In captivity many species 
can taught to speak, and throughout 
the rid, these birds are popular pets 
anc animals. 

mbers of the order occur in the 
troy and much of the sub-tropical 
areas of the world. Australia and nearby 
islar contain the greatest variety of 
the birds. In fact, 16th-century map- 
mak called Australia Terra Psitta- 
cori the “Land of Parrots.” Unfor- 
tunately, advancing human settlements 


have decreased the parrots’ numbers 
and threaten the existence of some species. 
Approximately 320 species make up 
the Psittaciformes. Most have brightly 
colored plumage. Most are gregarious, 
except during the breeding season. They 
build their nests in holes—usually in trees 
but also in buildings, rocks, cacti, ant 
nests, and so on. - 
Cockatoos. Cockatoos are medium- to 
large-sized parrots; some are 50 centime- 
ters long. They can be distinguished from 
other parrots by the erectile crest atop 
the head. Their tails tend to be relatively 
short and square-ended. The plumage 's 
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Top: Wild macaw. Macaws are brightly colored 
birds that live in the tropical forests of Mexico 
through South America. Bottom: An Australian 
cockatoo. These birds range from Indonesia to 


Australia. 
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largely white, gray, or black. Cockatoos 
inhabit Australia, New Guinea, and the 
islands of Indonesia. 

Lories. Lories are distinguished by the 
brush-like tip of the tongue. This, to- 
gether with the narrow bill, is useful in 
obtaining the nectar and pollen that form 
the major part of a lory’s diet. These are 
brilliantly colored birds that live in Aus- 
tralia, New Guinea, and nearby islands. 
Smaller species are called lorikeets, a 
common name also given to some other 
parrots. 

Lovebirds. Lovebirds are small African 
parrots of the genus Agapornis. They are 
renowned for the preening and affection 
showered on one another. 

Macaws. Macaws are large, gaily col- 
ored parrots that inhabit tropical forests 
from Mexico south into South America. 
The largest is the scarlet macaw, Ara 
macao, which may be more than 90 cen- 
timeters long. 


CUCKOOS AND THEIR KIN 


Most birds of the order Cuculiformes 
are insect eaters and render us valuable 
service by feeding on many pests. The 
bodies of these birds are rather long. The 
tail is also relatively long; it has eight to 
ten stabilizing feathers. The bill is slender 
and curved down slightly at the tip. The 
four toes on each foot are arranged in 
pairs: two toes point forward, two back- 
ward. 

Cuckoos. The cuckoo family, Cuculi- 
dae, contains over 200 species and sub- 
species. These birds range from sparrow 
size to pheasant size. They are found all 
over the world except in the coldest spots 
where insects are few. They are particu- 
larly numerous in the African and Indo- 
Malayan tropics. Cuckoos are shy, fur- 
tive birds and are more likely to be heard 
than seen. In general, they have dull brown, 
gray, or black plumage, although some of 
the tropical varieties are brilliantly colored 
and have plumes. The bird has a long tail 
and short wings. 

Some species of cuckoos have plum- 
age closely resembling that of various 
birds of prey. The European cuckoo and 
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the hawk cuckoos of Asi 


like the sparrow hawk that 


small birds when they appr 
go cuckoos of India rese 
shrikes, whose nests the 
the extent of having the o 
curved outward after the 
hosts. These cuckoos ter 
sive, in keeping with the 
tity. 

The cuckoos’ nestin 
particular interest. The 
rieties build their own r 
nests and care for their y« 
absent-mindedly droppin, 
other’s nests. 

The Old World speci 
They lay their eggs in the 
birds and depend on the 
raise the young, gaily 
business and forgetting 
Only one cuckoo egg is 
sitized nest. The cuckoo's 
period of incubation thar 
host. When the egg is ha 
cuckoo grows more rapid! 
mates. The cuckoo seem 


White-crested turaco. This br 
is an inhabitant of southeastern / 


h 


k so much 
>y alarm all 

The dron- 
the drongo 
e, even to 
til feathers 
on of their 
be aggres- 
imed iden- 


its are of 
World va- 
haphazard 
only rarely 
into each 


> parasitic. 
of smaller 
parents to 
bout their 
offspring. 
ach para- 
a shorter 
gs of the 
he young 
its nest- 
ve an in- 


lored bird 


‘er, Audubon/PR 


stinctive urge to push the rightful occu- 
pants cut of the nest. The parasitized birds 
neve: seem to realize what has happened. 
App tly they take parental pride in 
fillin e cavernous mouth of the strange 
your d. 

ing cuckoos do not have a juvenile 
plun They are almost naked when 
hatc} ind are black-skinned little crea- 
ture heir growing feathers remain in 
the iths until fully developed so that 
for g time the little birds’ bodies seem 
enc: in curious coats of mail. When 
the hers are grown, the sheaths burst 
ope about the same time so that the 
cha to adult feathering takes place in 
onl) w hours. 

notes of the European cuckoo, 

Cu canorus, So familiar to everyone 
bec of the cuckoo clock, are always 
asse d with the coming of spring. 
The uckoos are migratory, spending 
the er in Africa and returning to Eu- 
ropt yng the first of the spring birds. 

migrations of the bronzed cuckoo, 
Ch ; lucidus, of the southwest Pa- 
cifi > nearly incredible. At the bird’s 
nes sites in New Zealand, the eggs 
are | in the nests of flycatchers. When 
fled the young birds fly over 2,000 
kilc ers of water to Australia, and then 
another 1,500 kilometers to the Solomon 
and marck Islands, where they join 
the rents, who preceded them there. 

Anis are fascinating jay-sized 

cuckoos of South America, the West In- 


dies, and tropical North America. They 
are typical pasture birds. They follow cat- 
tle, pecking ticks off their backs and catch- 
ing insects that the cattle stir up. The anis 
are black with a metallic sheen and have 
large convex bills. They are weak flyers. 
Their long tails are composed of but eight 
feathers, the smallest number that any bird 
possesses. 

These birds seem to prefer a communal 
way of life. When the nesting season ar 
rives, the entire flock builds a nest. All 
the females lay their eggs in it, and, if 
there is not enough room for all the eggs, 
green leaves are placed over the first 
layer and the rest of the eggs are laid on 
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The cuckoos are a large, diverse group of birds. 
Top: the yellow-billed cuckoo lives in wooded 
areas in the United States. Bottom: the roadrun- 
ner, a cuckoo that would rather run than fly. 


top. The lower layer does not usually 
hatch. The females incubate and feed the 
young ina group. i 
Roadrunner. Another curious bird 
of the cuckoo family is the roadrunner, 
Geococcyx californianus, which lives in 
the region of cacti, mesquite, and sage- 


brush near river valleys in Mexico and the 
This bird 


southwestern United States. 3 
has brownish-streaked feathers tipped 
with white, bright alert eyes, a very long 
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ildlife Service 
Two members of the goatsucker family. Top: a 
frogmouth, a sluggish bird that feeds on large 
insects. Lower: a nighthawk guarding its eggs. 
Nighthawks do not build nests, but lay and incu- 
bate their eggs on gravelled ground. 


bronze-green tail, and strong legs. It has 
blue and orange skin around its eyes. The 
feathers on its crown can be erected to form 
a ragged crest. 

The roadrunner dashes along the road 
at speeds clocked at 25 kilometers per hour. 
It prefers to travel by running and by fast, 
gliding jumps. It flies only as a last resort. 
The roadrunner is an amusing sight as it 
races along before a horse or slowly mov- 
ing automobile with wings outspread, 
head and neck forward, and its tail jerking 
up and down. When the bird tires, it 
abruptly turns aside into the brush and 
brakes itself to a stop by throwing its tail 
over its back. 
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Nicknamed the snake 
runner is more than 
rattlesnake. It also eats 
it is especially fond), hor 
birds, and various insects 
of sticks, snake skins, anc 


ster, the road- 
natch for the 
ds (of which 
toads, young 
builds a nest 
ss in a cactus 


bush and lays from four to white eggs, 

Turacos. Turacos in! central and 
southern Africa. Tree dw . they live in 
forests and wooded savar Fruits make 
up most of their diet are called 
plantain eaters, because seem to eat 
mostly plantains, or bar Other spe- 


cies are called go-away after their 
call: “go awaa.” 

These pigeon-sized | 
round wings that restric 
flights. They are well ad 
and running along branch 
a crest atop the head that 
of red or white-tipped feat! 

Members of two gen 
colored by green and red 
no other animals, as we 
blue and purple. Other 
or brown, 

These birds nest in | 


have short, 
m to brief 
to climbing 
uracos have 
sually made 


e brilliantly 
nts found in 
by tints of 
es are gray 


building a 


pigeonlike platform of tw rhe female 
lays two eggs, which are i ated about 
18 days. 
THE GOATSUCKERS, OR N JARS 
The order name for ese birds, 
Caprimulgiformes, is deri) from the 
Latin words capri mulgus, meaning “milk- 
er of goats.” As is so often the case, this 
name is due to a very old legend. Even 
the ancient Greek philosopher Aristotle 
thought that the birds used their unusually 
large mouths to suck milk from goats. 


Actually, almost all the goatsuckers feed 
on small flying insects, which they catch 
on the wing, using their gaping beaks 
as scoops. Since goats ordinarily attract 
myriads of insects, the goatsuckers often 
take advantage of their presence for @ 
feast. J 

These birds are also called nightjars, 
because their booming calls “jar” the 
night. The order contains five families, 
which are distributed over wide areas O 
the world. 


rue goatsuckers. About 70 species 
spread throughout the world make up the 
family Caprimulgidae. They include the 
nighthawk, — whip-poor-will, —_ poor-will, 
and chuck-will’s-widow, the last three 


named for the sound of their calls. 
The poor-will, Phalaenoptilus nuttalli, 
disp!sys a phenomenon absolutely un- 
kn in any other bird—hibernation. 
In tern North America, it is often found 
in potected niches, hibernating through 
the ter. 

he long feathers of the goatsuckers 
ma he birds appear much larger than 
the sally are. For example, the night- 
ha whose body is smaller than that of 
the «bin, appears, on the wing, to be about 
the of a sparrow hawk. 

he goatsuckers build no nest what- 
ev They lay their eggs on the bare 
ground —not even in a depression to keep 
the rom rolling. The eggs are whitish 
or ım-colored, marked with gray and 
pur, 'e. The young are hatched blind and 
he s. They are soon covered with long 
gr ı or brownish down, not very dif- 
fer rom that which covers young owls. 

ighthawks are usually birds of the 
pasture or prairie country. They are sel- 
de ound in heavily wooded districts. 
T! spend the day perched on a rock or 
po At dusk, they begin seeking out 
the! insect prey. They consume great 
qui ies of gnats, mosquitoes, and other 
fly insects. Over 500 mosquitoes were 
found in the stomach of one nighthawk, 
and 1,800 flying ants in the stomach of 
another. Occasionally these birds will 
devour insects crawling along the ground. 
Nighthawks are sometimes seen at dusk 


along country roads, busily pursuing grass- 
hoppers. They are also found, in increasing 
numbers, in cities, where they have little 
competition from other birds for the host 
of flying insects that are attracted by 
lights. 

The whip-poor-will is a bird of the 
woodlands, spending the day on the ground 
under the trees and coming out into clear- 
ings or along the forest borders at night 
to feed. Whip-poor-wills feed on larger 
insects than nighthawks. They are particu- 


Z 
Hugh M, Halliday, Auduban/PR 
The whip-poor-will gets its name from the bird's 
call. The bird nests on bare ground, 


larly fond of the large night-flying moths, 
whose larvae are very destructive to the 
tree foliage. 

The whole family of goatsuckers is 
without exception beneficial to mankind, 
since its members feed almost entirely on 
insects. They prey particularly on night- 
flying insects, which have few other bird 
enemies and which include some of the 
most destructive species known. 

Potoos. The woodland nightjars, or 
potoos of the family Nyctibiidae, are 
large, owllike night birds of Central 
and South America. The mouth of the 
potoo is so large that it can close over a 
tennis ball. 

Guacharo. The family Steatornithidae 
contains only one species: the oilbird, 
or guacharo, Steatornis caripensis. It 
lives colonially in caves in isolated parts 
of the Caribbean and South America. 
Natives trap the oilbird and melt down 
its body grease to make lamp oil and butter 
substitutes. 

Frogmouths. The owlet frogmouths are 
a small family (Aegothelidae) found in 
Australia and New Guinea. j 

In the east Asian and Australian 
tropics we find a dozen different species 
of the true frogmouths (family Podargi- 
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dae)—rather odd nightjars with wide, 
froglike mouths, and very sluggish habits. 
The frogmouths do not exert themselves 
to fly after insects, but confine their 
efforts to the large ones that can be caught 
by hopping about on the tree limbs. 


HUMMINGBIRDS AND SWIFTS 


Even close inspection fails to reveal 
much similarity among the adult hum- 
mingbirds and swifts—except in the shape 
of the long narrow wings and the tiny feet. 
Nevertheless, the kinship exists. Much 
of the internal structure is very similar. 
One can see the resemblance more clearly 
by noting the resemblance of the swifts to 
newly hatched hummingbirds with their 
small bills and large mouths. 

Hummingbirds. The smallest bird in 
the world is the bee hummingbird of 
Cuba. It measures 5.7 centimeters in 
length and weighs less than 25 grams. 
Not all hummingbirds are tiny. The giant 
hummingbird of the Andes is over 20 centi- 
meters long. However, the majority of the 
580 odd species and subspecies are under 
10 centimeters in length—of which half 
consists of bill and tail. 

Hummingbirds are noted for the bril- 
liance of their colors. John James Audubon, 
the noted 19th-century American ornithol- 
ogist, called them “glittering fragments 
of the rainbow.” Sometimes extremes of 
color, in wonderful combination, are found 
on the back or breast of single birds. In- 
terestingly enough, the colors are not 
derived from pigments. They are the result 
of light diffraction, because of the pecu- 
liar structure of the feathers. The birds 
may actually appear quite somber if viewed 
in a certain light. They are most brilliant 
when they are flitting about from flower to 
flower in ever-changing light. 

„Many species of hummingbirds are 
curiously ornamented with tufts of feathers 
in various places. 

Hummingbirds are found only in the 
New World. All efforts to introduce them 
elsewhere have failed. They undoubtedly 
originated in the Andes, in Colombia or 
Ecuador, where the majority of the hum- 
mingbird species are still found. The bird 
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has spread as far as Patagonia to the south 
and Alaska to the north. Most species are 
quite local in range, some restricting them- 
selves to a single valley. 

These birds live on th ‘ctar of flow- 
ers and the insects within them. Wherever 
they dwell, one will ah find multi- 
tudes of flowers. The bill nany hum- 
mingbird species have bec adapted to 
particular flowers. In all s s the bill is 
probelike and the tongue | r for suck- 
ing the nectar. In certain ies the bill 
has become curved downw ven sickle- 


shaped. Others have upcur ills to help 
them get nectar from flow: ng pouch- 
like or liplike corollas. 

One species has a b re than 12 
centimeters long. The |! of another 
Species measures scarce! limeters, 
Curiously enough, the t ecies feed 
from the same long, tubul wers. The 
long-billed variety sips th tar in the 
conventional way. The ot ills a hole 
through the base of the r into the 
nectary and inserts its b the hole. 
Many flowers depend on mingbirds 
for cross-fertilization. The ) is usu- 
ally carried on the head o is the bird 
moves from flower to flower , 

The voice of the hunmingbird is 
seldom heard. It is the sound made by the 
rapidly beating wings that gives the bird 
its name. However, during the mating sea- 
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son the male of most species gives vent to 
its feciogs with excited chirpings as it 
passe ith flashing wings, back and forth 
past ti female. A few species have melo- 
dious gs of surprising volume. 
| © nests are skillfully constructed of 

plant wn or catkins and are fastened in 
place spider webs. The outside of the 
nest usually ornamented with lichens 
and | of moss. It looks much like the 
knot ı tree. Usually the nest is set upon 
a br ). In some species it is regularly 
faste to the underside of a large leaf 
ore © a projecting cliff or overhanging 
rock ariably only two eggs are laid and 
thes always pure white without spots. 

‘ts. Watching chimney swifts as 
they rt back and forth over housetops 
or e in dark clouds before making 
thei y into some unused chimney, one 
wol iever suspect their relationship to 
hun ebirds. 

‘re are nearly 100 species of swifts 
(far Micropodidae). With few excep- 
tior hey are sooty-black birds, some- 
tin ith white on the rump or under- 
par ut often with no marks whatsoever. 
The aimney swift, for example, is entire- 
ly sooty and only a little lighter in color 
belo. than above. In the East Indian tree 
sw however, the plumage has a metallic 
glos- and the feathers are quite silky. 


Mos: swifts have short, drab plumage. 


Left. emerald hummingbird 
perched on a branch. Hum- 
mingbirds can not only fly 
quickly, but also can hover 
and fly backwards. Right: 
chimney swifts climb walls 
and anchor themselves by 
spikes under their feathers. 
They attach their nests to 
walls using gluey saliva. 


: The most interesting thing about the 
swift is its method of nesting. The nest 
is built of sticks, straws, feathers, or 
other material in the form of a shallow 
saucer. The materials are cemented to- 
gether and fastened to the wall of a cave, 
hollow tree, or chimney by means of the 
bird’s saliva, which is like glue. In one 
group of swifts inhabiting the islands 
off the east coast of Asia, the nests are 
made entirely of this saliva. These are the 
nests from which the Chinese make their 
famous bird’s-nest soup. 

The feet of swifts are small and very 
weak, and cannot support the weight of 
the body. Therefore, all feeding, nest- 
material gathering, and contacts between 
the birds must take place while in flight. 
When forced to rest or to climb the walls 
of its home, the swift remains vertical, 
grasping the wall with the aid of its sharp, 
curved claws and the spiny protuberances 
of its tail feathers. It rarely perches or 
stands on the ground. 

During the mating season, a single un- 
mated swift often attaches itself to a nest- 
ing couple and assists them throughout 
their labors. This cooperation may con- 
tinue for two seasons, but ordinarily the 
helper acquires its own mate the following 
year and establishes a new family. y 

The swifts—as their name implies — 


are fast flyers. Even the smaller ones reach 
Hugh M. Halliday, Audubon/PR 
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Mousebird nesting. Mousebirds are small dull- 
colored birds with unusual feet adapted for run- 
ning along tree branches. 


speeds of almost 100 kilometers per hour. 
This is a fair speed for a small bird, but not 
uncommon. The larger swifts of Asia and 
the Middle East have been clocked at 
275 to 320 kilometers per hour, and to- 
gether with certain falcons are the fastest 
living birds. 

MOUSEBIRDS 


The mousebirds, or colies, are small, 
long-tailed birds that resemble mice both 
in appearance and behavior. Their legs are 
short. The feet have sharp, hooked claws 
and an outer toe that pivots and so can 
point either backward or forward. This 
enables the mousebirds to run along tree 
branches—in a mouselike fashion. The 
plumage consists of grayish feathers that 
look like hair. The head has a crest. 

Mousebirds live in Africa south of the 
Sahara. They feed mainly on fruits. They 
are graceful fliers, though they generally 
do not fly farther than from one tree to 
another. 

These are gregarious animals. At night 
they gather in small groups in a large bush 
or tree and fall asleep cuddled against one 
another. 


TROGONS 


The 35 species of trogons, which com- 
prise the order Trogoniformes, are beauti- 
ful, brightly colored birds. The male plum- 
age often includes vivid shades of red, 
pink, orange, or yellow on the breast and 
belly. Some are a bold green. These colors 
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contrast sharply with the 
the throat and neck. The 
black-and-white design. | 
age is generally more subd 

Trogons are tree-d s that in- 
habit tropical areas ar the world. 
Most species feed on f d large in- 
sects. They range fron » 35 centi- 
meters in length. The b e stout and 
heavy, with a long tail t, rounded 
wings. The beak is road, and 
curved. The trogon’s fe iique: the 
two inner toes are turned rd 


sy colors of 
re tail has a 
emale plum- 


Most trogons excav ts in soft, 
decaying wood. Some in termite 
mounds or wasp nests. | ile usually 
lays two or three eggs take 17 to 
19 days to hatch. The share the 
tasks of incubation an for the 
young. 

The most spectacu ng trogon 


is the quetzal, Phar mocino, 
which inhabits dense n forests 
of Central America. It d in bril- 
liant shades of green, bl | crimson, 
and has long tail feathe quetzel is 
the national bird of Gu and has 
long been sacred to the ind other 
civilizations of Central An 


KINGFISHERS AND THEIR 


Members of the orde ciiformes 


have long tails, strong be ind plume 
crests. The three front to each foot 
are partly joined. 

The order includes king! rs, horn- 


bills, bee-eaters, todies, motmots, rollers, 
and hoopoes. 3 
Kingfishers. The kingfisher family, 
Alcedinidae, contains 250 species and sub- 
species. Only 11 of these brilliantly colored 
bird species are found in the Americas. 
They are most numerous in the Malay 
Archipelago and New Guinea d 
The kingfisher is most readily identi- 
fied by its characteristic top-heavy ap- 
pearance. It has a large crested head, 
heavy body, short tail, long straight bill, 
and feeble feet, with the second and third 
toes united. The colors usually seen M 
its plumage are metallic greens and blues, 
satiny whites, russets, and reds. The males 


and ales are very similar. Sometimes 


the females may have the brighter plumage. 
Alcedinidae are divided into two 
natur groups, the wood kingfishers and 
the er kingfishers. The former live in 
wor ids, open country, and gardens, 
whe: they feed on insects, snails, frogs, 
lizar and sometimes young birds and 
ma Is. The water kingfishers are found 
abc treams and lake shores. Here they 
live \ost entirely on fish and other wa- 
ter tures. 
the New World kingfishers be- 
lon > the fish-catching group. These 
bir refer freshwater. They are seldom 
sec n the seacoast except where there 
are jaries. 
ie water kingfisher stakes out a 
fis territory along the edge of a stream 
or and defends it boldly against other 


fe red trespassers. The bird’s call, 
a h penetrating rattle, is often heard 
as oes about its fishing. Sometimes it 


sit patiently on an overhanging branch 
ar aits for fish to swim past. At other 
tir it will fly over the water until it sees 
a swimming near the surface. When the 
kin isher sights its prey, it makes a rapid, 
he. -foremost plunge with closed wings, 
an the fish is grasped or speared with its 
sharp bill. The bird is carried entirely be- 


ne the surface of the water by the force 
of ihe fall. When it returns to its perch, 
it beats the fish against the branch to kill 
it. Then, juggling its prey about, the bird 
swallows it head first. The size of the fish 
the kingfisher can swallow is surprising. 
digestible bones and scales are later 
spit up in the form of pellets. 

The water kingfisher nests in a hole 
that it digs, using its bill as a shovel and 
its feet as rakes. It begins by tunneling 
straight into a sandy bank for from 1 to 5 
meters. At the end of the tunnel it digs out 
a rounded chamber in which it lays from 
five to eight white eggs. 

The bones totte fish the kingfisher 
has eaten often line the cavity of its home. 
It is not a very clean housekeeper. It does 
not remove the excrement from the nest 
as most birds do. The kingfisher makes two 
grooves in the bottom of the tunnel as It 


waddles in and out. The presence of these 
grooves tells us the nest is in use. 

Young kingfishers are naked when 

they are hatched. The first feathers are 
those of the adult bird. As with cuckoo 
young, the feather sheaths do not break 
open until the feathers have nearly ma- 
tured. 
; The belted kingfisher, Ceryle alcyon, 
is the commonest North American species. 
It is about 33 centimeters long. It has gray- 
ish-blue upper parts and a band across its 
chest. Its wings are tipped with white. 
Its tail is banded in the same color. The 
white of its underparts extends around 
its neck in a broad collar. This species 
is found from the Arctic to the Gulf of 
Mexico. It winters in the more southern 
part of this range. 

The common kingfisher of Europe 
and Asia, Alcedo atthis, has habits much 
like those of the American species. It is 
only 18 centimeters long, however, and 
is brighter colored — bright blue above and 
rusty orange-red beneath. Many beautiful 
legends are told about this kingfisher, or 
halcyon, as the ancient Greeks called it. 
It was believed that the bird built a float- 
ing nest of fish bones upon the sea, and 
that during its two-week brooding period, 
or “halcyon days,” the god of winds kept 
the waters calm and peaceful. 

The largest and most unusual king- 
fisher is the Australian laughing jackass, 
or kookaburra, Dacelo gigas. It is a brown 
and grayish-white colored bird about 50 
centimeters long. Its cry is a discordant, 
abrupt laugh. One of the wood kingfishers, 
it feeds on crabs, reptiles, mice, rats, and 
young birds. 

Motmots. Motmots are solitary forest- 
dwellers that occur from Mexico to Argen- 
tina. Most live in the northern part of this 
range. They feed on fruit and insects. 

The plumage is boldly colored, espe- 
cially around the head. The motmot has 
a serrated bill, short, rounded wings, and 
a tail with long central feathers. 

Motmots build nests that are difficult 
to find. They use their bills to dig a nest- 
ing tunnel—that may be more than 1.5 
meters in length—in a bank of soft earth. 
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Most species lay three or four white eggs, 
which take three to four weeks to hatch. 
The parents share the task of incubation. 

Hornbills. Hornbills are Old World 
birds found in Africa and Asia. They inhabit 
dry wooded savannas and tropical forests. 
The diet consists mainly of fruit, though 
some hornbills also eat insects, lizards, 
and small mammals. 

A hornbill is distinguished by its huge 
bill, which is usually topped by an equally 
large—or larger—boldly colored casque, 
a helmetlike, usually hollow structure. 

Hornbills have an interesting nesting 
procedure. The nest is made in a tree hole. 
After the female settles into the nest, 
the opening to the outside is closed up with 
mud and other materials until there is 
only enough room for the female’s beak to 
emerge. During the entire period of incu- 
bation—some 30 to 50 days—the female 
is fed by her mate. After the eggs hatch, 
the female remains with the chicks in 
the enclosed nest—perhaps another 30 
to 50 days. Only when the young are able 
to fly is the wall finally broken down. 


WOODPECKERS AND THEIR KIN 


The woodpeckers, toucans, honey- 
guides, jacamars, barbets, and puffbirds 
make up the order Piciformes. All members 
of this order have feet with two toes point- 
ing forward and two pointing backward. 
This makes an effective pincer for grasp- 
ing the bark of trees. The wings are usu- 
ally rounded. The feathers are hard and 
brightly colored, with differences in the 
coloring of the male and female plumage. 

Piciformes are tree dwellers. They in- 
habit tropical and temperate woodlands 
and forests throughout the world except 
for Australia, New Zealand, and the island 
of Madagascar, 

_ _ Woodpeckers. Woodpeckers (family 
Picidae) dwell not only in forests and 
woods but also in city parks and rural areas, 
The North American woodpeckers known 
as flickers are often seen on lawns and in 
gardens, diligently searching for ants and 
grasshoppers. 

_ As a rule, woodpeckers are solitary 
birds. Family groups break up after the 


OTHER NON-PERCHING BIRDS 


young are able to care for themselves, 
The Picidae do not migrate great distances 
as do many other kinds of birds. Certain 
species live the year round in the north 
temperate areas of the wor 

Woodpeckers are highly specialized 
for their tree-climbing a grub-hunting 
activities. Their feet are strong and equipped 
with sharp, curved claw Che stiff tail 
feathers end in spines. [hese spines 
are pressed against the r s in a tree’s 
bark and help prop the bird as it digs for 


grubs or excavates a nestin e 


The woodpecker's he is large and 
its neck short and powerful. enabling the 
bird to deliver rapid and ceful blows 
with its stout beak. Thi ik, with its 
chisel-shaped tip, is an effec ‘ive woodcut- 
ting tool. With it, the bird penetrates the 
bark and wood of tree here wood- 
boring grubs, hibernating insects, and in- 
sect eggs are to be foun nce a small 
hole is made, the wood; ors tongue 
dislodges the insect prey ` tongue is 
long and slender and can extend a con 
siderable distance from the mouth, Its 
tip is usually pointed and barbed and is 


covered with an adhesive se ion. 

The woodpeckers have no true song. 
Their call notes tend to be rather harsh and 
unmusical. During the mating season, the 
males go through an acrobatic courting 
ritual and replace the mating song with the 
characteristic woodpecker tattoo. k 

Woodpeckers have remarkably uni- 
form nesting habits. They drill a hole in 
the tree they have selected and then lay 
their eggs on the chips in the bottom of 
the cavity, The size of the hole varies from 
about 3 to 6.5 centimeters in diameter. 
The hole is drilled into the trunk for a 
short distance and then dips down, in some 
species, to more than one-half a meter. 
It is enlarged at the bottom and covered 
with chips so that the eggs will not roll 
about. The various species of woodpeck- 
ers lay from 2 to 12 eggs, which are in- 
variably glossy white and unspotted. 

Most woodpeckers excavate new nest- 
ing cavities each year. Both male and fe- 
male assist in the drilling. It is said that 
woodpeckers shrewdly remove the chips 


to a safe distance from the tree so that the 


nest’s location will not be revealed. This 
is not always the case. As a matter of fact, 
woodpeckers sometimes lose their nests 
to $ lings. 

osuckers. The North American 
wo eckers known as sapsuckers, genus 
Spl rapicus, get their name from drilling 
rov f small round holes in the bark of 
ma pecies of trees and drinking the sap 
tha llects. One bird usually taps sev- 
eri es in several places and then makes 
the unds. The sapsucker’s tongue is 
mi d for collecting sap, having a brush 
on end instead of barbs. Sap, however, 
is the main part of the bird’s diet. It 
is arily an insect eater. The sap holes 
se imong other things, to attract in- 
se he bird feasts on them as it makes 
its collecting rounds. The holes drilled 
by sapsucker often mar timber. 

ulets. The smallest woodpeckers 
ar piculets. They are 7 to 10 centime- 
te ng and usually lack the pointed, stiff 


ta hers found on other woodpeckers. 
T species are found in South America, 
A and Asia. 

ucans. Toucans are noted for their 
la \ighly specialized, and very colorful 


bil rich are several times larger than the 
bi heads. Because the bill is filled with 
al mbers, it is very light. But it is also 
ve trong. 

hese birds range in size from 30 to 
6( sntimeters. In some species, more 
th half of this length is bill. The plum- 
age is mostly black or green, with bold 


patches of vivid colors, especially on the 
head and neck. 

There are 37 species of toucans. They 
are gregarious, noisy birds that live in 
tropical forests from Mexico south to Ar- 
gentina, sometimes as much as 1,500 me- 
ters above sea level. Toucans feed mostly 
on fruit, though they will also eat insects 
and the eggs and young of other birds. 


Top: firmly anchored to the side of a tree by its 
clawed feat and spined tail feathers, this age: 
lied woodpecker enters its nest hole. Middle: 
quetzal, the most spectacular of the trogons. 
Bottom: sulfur-breasted toucan. The very large, 
colorful bill is light in weight but very strong. 


u 
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Geese in flight in a characteristic V-pattern as they travel 
gration to better climates. 


Runs Kinne/PR 


WATER AND 
SHORE BIRDS 


It is a memorable experience to hear 
the cry of the loon for the first time. It 
begins on a low note. Then it rises in pitch 
and increases in volume until it ends with a 
terrible spasmodic gasp. It has been vari- 
ously described as “sinister,” “wolflike,” 
“defiant,” “suggesting hysterical laughter.” 
The owner of this distinctive voice is a 
large, handsome diving bird. 

Other water and shore birds also have 
distinctive calls. There’s the loud honk of 
the beautiful trumpeter swan, the “ker- 
wacky-wack” of the sooty tern, the 
grunt of the Cape Bareen goose of southern 
Australia—which is, as a result of its call, 
sometimes called the pig goose. 

Birds that live on or near the water are 
placed in seven orders: 

The order Colymbiformes contains the 
grebes and loons. 

The so-called shore birds— gulls, plov- 
ers, skimmers, sandpipers, terns, puffins, 
and so on—belong to the order Charadri- 
iformes. This order also includes wood- 
cocks, snipes, lapwings, and many other 
species. 

The marsh birds—cranes, rails, and 
coots — make up the order Gruiformes. 
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seasonal mi- 
Waterfowl, such as di :eese, and 
swans, make up the order A ormes. 


Stilt-legged birds, sı 1$ herons, 


storks, ibises, spoonbills, flamingos, 
make up the order Ciconiifo: 

Seabirds —albatrosses rels, and 
shearwaters—form the orde Procellari- 
formes. r 

And the order Pelicanil s contains 
the cormorants, anhingas, gann=ts, boobies, 


frigate birds, tropic birds, and, as the name 
tells us, the pelicans. 

In the following pages, we will look at 
representatives of these orders 


LOONS AND GREBES 


These birds, which spend almost all 
their time in the water, share certain char- 
acteristics. Both loons (family Gaviidae) 
and grebes (family Podicepedidae) are div- 
ing birds. They have elongated bodies and 
necks and are able to submerge their bodies 
So that, as they swim, only their necks and 
heads are above water. 

The toes are webbed in loons and 
broadly lobed in grebes. Wings and tail are 
short. The plumage is dense and the body 
contains an extensive layer of fat. 


THE 


) gull, Larus argenta- 


LOONS 


he loon is an expert diver and swim- 


ind can overtake the swiftest fish. It 


ly uses its powerful wings to “fly” 
the water. In contrast, it is almost 
ss on land. If danger threatens there, 
| must awkwardly flop to the water’s 
for it cannot get into the air from the 


d. Once in the water, escape is possi- 


>ither diving or rising in flight. 

he loon is a solitary bird, usually 
ilone or in pairs. Occasionally, how- 
several pairs may nest fairly close 
er if the marsh or lake is unmolested 
e fish supply is plentiful. 

he nest, which is never far from the 
s edge, is merely a depression in the 
|, sometimes crudely lined with bits 
d stalks or marsh vegetation. Two 
i, olive-colored eggs are laid. The 
hatched young, which are covered 
own, are capable of swimming. Usu- 
owever, the female carries them on 
ck for several days. 


non shore bird: the 


The common loon, Gavia immer, has a 
wide distribution in North America. During 
the nesting season it ranges from Alaska 
across arctic North America to Greenland 
and, southward, from northern California 
across the United States to New England 
and Labrador. In winter the loon migrates 
to southern California and Mexico on the 
west coast and to Florida and nearby on 
the Atlantic coast. It occurs inland along 
the largest rivers. The loon’s winter plum- 
age is a dull black or gray above, without 
white spots. 

In summer the common loon is glossy 
black above, spotted with white, while the 
underparts are white. The head and neck 
are velvety black except for patches of 
white streaks on the lower throat and sides 
of the neck. The feathers are thick and 
compact, making an effective cloak for 
shedding water. 

The loon’s three front toes are com- 
pletely webbed. Its wings are short, nar- 
row, and pointed, and the tail is short and 
stiff. The heavy beak is a sharp-edged 
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spear, making an excellent weapon for cap- 
turing and holding the fish that make up the 
main part of the loon’s diet. 


THE GREBES 


The grebes measure under 60 centime- 
ters in length. Like the loons, they excel as 
divers and swimmers, but are helpless on 
land because their feet are placed too far 
back on the body to be very efficient in 
walking. 

Grebes have softly patterned plum- 
age of white, gray, black, or brown tones. 
They have pointed bills and very short 
tails—nothing more than tufts of feathers. 
The toes are individually webbed, or lobed. 
The grebe’s stomach invariably contains a 
ball of its own feathers, which it has swal- 
lowed to prevent sharp fishbones from con- 
tinuing into the intestine. 

The diving ability of the grebe has led 
to its being nicknamed the “hell-diver.” It 
is able to stay under water for lengthy peri- 
ods. When it does come up after having 
been alarmed, it rises to the surface very 
quietly, and only until the bill shows above 
the water. The grebe can dive either head 
foremost with a flip of its feet, or it can set- 
tle ‘backwards so carefully as to leave 
scarcely a ripple on the surface. It is able to 
dive so rapidly at the flash of a gun that it 
disappears before the shot reaches it. The 
grebe seems to prefer to use this method of 
escaping enemies rather than to fly. It 
seems to take much effort for the bird to fly. 
Ordinarily it must patter along the surface 
of the water for some distance before it is 
able to get up enough speed to lift itself. 

The commonest grebe is the pied- 
billed, Podilymbus podiceps, which ranges 


The great crested grebe sits 
on her nest. Grebes are not 
able to walk on land at all 
well, but are very efficient 
swimmers and divers. 


from Canada to Chile and ntina. It is 
an inconspicuous, brownish bird even 
when in its breeding plum it is most 
easily identified by its chic! haped bill 
encircled by a black band s usually 
found on reed-bordered pon d marshy 
lakes, where it builds a fik nest and 
anchors it to the reeds. Tt is only a 
pile of debris, and the greb 128, white 
when laid, are soon disco! y the de- 
caying vegetation. 

Young pied-billed gret ve black 
and white striped down a able to 
swim as soon as they are hat The first- 
hatched ones soon slip into ater and 
follow their father while th her incu- 
bates the remaining eggs tired or 
cold, the young snuggle ber he wings 
of one of the parents and ont: rack, 

SHORE BIRDS 

These birds are most « nly seen 
in marshy areas and along s hey are 
well adapted to flying and migrate 
long distances in the spring ill. Most 
species have long, slender that are 
well-adapted for seizing the s, shell- 
fish, and worms that are primary 
foods. 

THE GULLS 

Around the seacoast thi no bird 
more familiar than the gi . long- 
winged sea gull. Most peo; nk of it 
only as a sea bird, but sever the ap- 
proximately 50 species liv: inland 
bodies of water as well. À 

The gull’s skill at wheeling dipping 
flight, and its strong curving b it admir- 
ably for its career as scavenger of port and 
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harbor. Wherever it is found, the gull fol- 
lows the ships, ready to pounce on any offal 
thrown overboard. Gulls also congregate in 
large flocks in harbors. This bird is absolute 
master of the air and can survive the fierc- 
est storms. It often rests by sleeping on the 
waves, and it has webbed feet like a duck’s. 
It flourishes in the severest climate. 

The gull is about 60 centimeters long, 
and is usually white, with the back and 
upper surfaces of the wings (called the man- 
tle) washed with gray, black, or brown. The 
head is often black during the nesting sea- 
son and black is sometimes seen on the 
flight feathers. The tail is square. 

A gull never plunges into the water; 
rather, it is a surface feeder. It will eat al- 
most anything. This bird is often seen 
carrying bivalve mollusks into the air and 
dropping them in order to break the shells. 
It occasionally preys on other water birds’ 
eggs and young. However, the gull certain- 
ly renders mankind a valuable service by 
consuming large amounts of refuse. 

The gull nests in large colonies and 
lays three heavily-marked eggs in a crude 
nest of seaweed. It is sociable but quarrel- 
some, and it is quite likely to be harsh to- 
ward other gulls’ young. The baby gulls 
announce their hunger by tapping on the 
grownups’ bills. 


THE TERNS 


The tern is another graceful flier of the 
seacoast. It is more slender than the gull. It 
has a forked tail, which gives it the nickname 
“sea swallow.” The long, straight, slender 
bill equips the tern to fish for its living. It 
dives for small fish and catches insects 
while on the wing. In appearance, the tern 
is typical of this tribe of water-loving 
birds —it is white below and gray above and 
has a black or gray cap. 


daintiest of the terns, with 
a body length of about 20 centimeters. Middle: 
the black skimmer is a bird of the Western Hemis- 
phere with an unusual scissor-like bill. aon 
the spotted sandpiper is a shore bird that is easily 
identified by its jerky walk. 


Top: the least tern is the 
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The migrations of certain terns are 
famous. The arctic tern, for instance, has an 
annual round-trip migratory flight of 35,000 
kilometers—the longest of any known 
creature. Some terns do not go on these 
extended migratory flights. They favor 
coastal regions in warm latitudes. 

Terns nest in colonies. In slight hol- 
lows scraped in the sand, they lay one to 
three white eggs mottled with dark brown. 
Some species build nests of seaweed in 
bushes. The fairy tern balances its single 
egg on the gnarled bark of a horizontal limb. 


SKIMMERS 


The skimmer differs from all other 
birds in having a vertically flattened knife- 
like bill, which gives it the nickname “scis- 
sorbill.”” The lower part of the bill is much 
longer than the upper part. The skimmer 
also differs from other birds in eye struc- 
ture—it has a vertical slitlike pupil. Flying 
low over the water with its bill cleaving the 
surface, the skimmer is able to seize small 
marine organisms and fish. 

Three species of these long-winged 
birds make up the family Rynchopidae. 
The American black skimmer, Rhynchops 
nigra, nests along the U.S. east coast and 
south to Argentina. Its plumage is black, 
with the forehead, sides of the face, and 


Common figures on the North American continent: 
a pair of mallards. The male has the bright green 
head. The female is duller and blends in with her 
nest site. 
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underparts white. It has red ‘egs. The skim- 


mer lays buff eggs with blac’ blotches in a 
hole scraped in the sand. 

Another skimmer spec is found in 
Africa; still another, in Ind 
SANDPIPERS 

The sandpipers fami lopacidae, 
are so called because mos > on sandy 
beaches and have a piping hey have 
long, flexible bills with w hey probe 
the sand for food. Their siz y from the 
least sandpiper, no longer a Sparrow, 
to the curlews and godw tanding 30 
centimeters tall. However e from size 
they all look much alike, ged with 
similar patterns of gray, | 1, chestnut, 
and white. 

There are about 100 spe of sandpip- 
ers, living in various parts oi orld. They 
are seen mainly in the temp: and north- 
ern portions of the North: emisphere 
during their nesting season 1y of them 
nesting within the Arctic € Sandpip- 
ers are birds of the seaco painly, but 
some are found inland or shores of 
bodies of fresh water. 

The sandpipers are travelers. 
Some traverse the entire len F both the 
Americas in their migration e majority 
of species spend the sumn ı the Far 
North and in the fall travel s the Ca- 
ribbean to northern South America. Some, 
however, stop on the North American Gulf 
Coast while others continue as ‘ar as Chile 
and Patagonia. 

When the sandpipers leave (heir sum- 
mer homes they have stored up thick layers 
of fat. By the time they reach their winter 
quarters, however, the majority have grown 


thin. This is particularly true of those that 
have undertaken the long flight from Nova 
Scotia to Venezuela or from Alaska to the 
islands of Hawaii without a single stop. A 
non-stop flight of 4,000 kilometers seems 
almost incredible, but such a feat is not at 
all unusual for these birds. Some of them 
have even been observed at Cape Horn— 
about 14,500 kilometers from their nesting 
grounds. During the nesting season they 
are solitary, but at migration and during the 
winter they may be seen in large flocks. 


With the exception of the solitary 
sandpiper, all the members of this group 
nest on the ground. The solitary sandpiper, 
however, utilizes the old nests of other 
birds such as robins and grackles. The 
sandpipers lay three or four eggs, which are 
quite large for the size of the bird, and 
which are sharply tapered at one end so 
they will fit together like the pieces of a pie. 
Otherwise the parent bird would be unable 
to cover them while incubating. The eggs 
vary greatly in color, but are most often 
spotted with black, brown, or lavender. 

The young sandpipers are covered 
with down when they are hatched. Many of 
them have a striped pattern. They are able 
to run about and follow their parents or 
even to swimacross streams. The first plum- 
age is similar to that of the adults in the 
fall, and in the following spring all molt into 
the breeding plumage. If there is a bright 
plumage, females wear it as well as males. 

The food of the sandpipers includes 
many mosquito and fly larvae. Among 
some species, grasshoppers and other de- 
structive insects form a large part of the 
diet. 

The commonest species of sandpiper 
in North America is the spotted sandpip- 
er, Actitis macularia—“tip-up” or “teeter 
tail,” as it is variously called. In summer it 
is found along almost every stream and lake 
from northwestern Alaska to Louisiana, 
and in winter from Louisiana to southern 
Brazil. About 19 centimeters long, it has 
light brown upper parts and white under- 
parts spotted with black. In the fall it loses 
its spots, but is still easily identified be- 
cause of its jerky walk. Several other species 
jerk their heads when they walk, but the 
spotted sandpiper teeters its tail or its 
whole body as though it had difficulty 
balancing on its slender legs. 


THE PLOVERS 


The members of the plover family 
Charodriidae resemble sandpipers some- 
what. They are about 25 centimeters long 
and have plump bodies, long pointed wings, 
and short necks and tails. Their bills are 
short and shaped rather like a pigeon's, 
with an enlargement at the Up. 


Golden plover. This species is famous for its very 
long migration—over 4,000 kilometers. 


All the plovers’ movements are quick 
and energetic. They run rapidly over the 
ground—much like mechanical toys. There 
are about 75 species in this family which 
also includes the lapwings, turnstones, and 
surf birds. 

The plovers are most remarkable for 
their migrations. The lesser golden plover, 
Pluvialis dominica, for example, covers 
13,000 kilometers in its round-trip migrato- 
ry flight. It passes south from Nova Scotia 
to the northeast coast of South America—a 
distance of 3,900 kilometers. This flight 
over long stretches of open ocean is often 
made without a stop. In the spring the bird 
returns to its northern nesting grounds by a 
different route—by the northwest coast of 
South America and the Mississippi valley. 
The two routes are fully 2,500 kilometers 
apart. 

The golden plover has upper parts 
spotted with golden-yellow and black, and 
its underparts are uniformly black in sum- 
mer and grayish-white in winter. A white 
stripe from the forehead down the side of 
the neck and breast is conspicuous in the 
summer plumage and is set off against the 
black underparts. 

The black-bellied plover, Pluvialis 
squatarola, is very similar to the golden 
plover. It also has a change of plumage with 
the seasons, but lacks the golden-yellow 
spots of the upper parts. This bird is found 
over nearly the entire world. It, too, is a 


great traveler. ; 
The golden and the black-bellied plov- 
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ers have quite similar habits. They rarely 
enter the water. They feed on sand bars and 
mud flats exposed by the falling tide. Here 
they run along the beach in search of 
stranded aquatic insects and crustaceans, 
which they pick up with a vigorous tilt of 
the body. They are also seen in plowed 
fields or pastures. 

An interesting member of the plover 
family, found in the Eastern Hemisphere, is 
the Nile plover, noted for its life habits in 
relation to the crocodile. The bird picks 
leeches and other parasites from the mouth 
of the reptile and feasts on them. In return, 
not only does it rid the crocodile of these 
pests, but it also acts as a sentinel, warning 
the reptile of danger. 

Plovers nest in depressions on the 
ground. Sometimes the depression is lined 
with moss or grass. More often it is not. 
Like sandpiper’s eggs, the plover’s eggs are 
much larger at one end than at the other. If 
the wind blows them, they will roll away. 
The egg color is neutral, with specklings of 
dark brown, black, lilac, and so on. 


OTHER SHORE BIRDS 


Phalaropes, family Phalaropodidae, 
are ocean-going birds. Wilson’s phalarope, 
Steganopus tricolor, spends many months 
at sea during the winter. It is well adapted 
for this type of life, with its weblike toe 
lobes and dense, gull-like plumage. How- 
ever, it often nests in the interior marshes 
of North America. The female phalarope 
assumes the bright plumage and does the 
courting at breeding time, and it is the male 
phalarope that incubates the eggs and cares 
for the young. 

Avocets and stilts, family Recurviro- 
stridae are long-legged wading birds with 
long, upcurved bills. They build their nests 
on sandy banks, in muddy flats, or in 
marshes. The black-winged, or common, 
stilt, Himantopus himantopus, of southern 
Europe is easily recognized by its excep- 
tionally long pink legs, which project some 
17 centimeters beyond its tail when the 
bird is in flight. 

The jacanas are tropical birds, with 
long legs and long toes that are adapted for 
walking on floating water plants—a habit 
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that has earned them the nickname “lily- 
trotters.” 

Auks and puffins, family Alcidae, 
often live together in huge groups that 
also include murres and gulls They inhabit 
cliffs and islands in the northern seas. Most 


migrate south in winter, ret. : sing north in 
the spring to breed. Auks and <uffins do not 
build nests, but lay their egs- on ledges or 
niches in the rocks. Each fe» cle lays only 
one egg. She and her mate tal- turns guard- 


ing it. 


The woodcock, Scolo ax species, 
is a shy bird. It ventures into he open after 
dark, but spends the day in ‘hickets. The 
woodcock has a protective coloring of 
grayish-brown, reddish-brow* and black. 
Its long, thin bill takes up © third of its 
length. The large eyes, set fa back in the 
head, give the bird a very inctive ap- 
pearance. It likes to feed in ^e lowlands, 
where it can bore into the -oft mud for 
worms and other small inveri+>rates. 

MARSH BIRDS 

The members of the orde: Gruiformes 
are not well adapted for flight. “ut they are 
very well adapted for life on |» ~ | and in the 
water. The order’s three majo: | amilies are 


the Gruidae, or cranes; the Ra!!\dae, which 
includes rails, gallinules, coots. soras, and 
wekas; and the Otididae, or bus’ ards. 


CRANES 


These birds are found on every conti- 
nent except South America. The best- 


The black-necked stilt of the Western Hemisphere 
Pretends injury to distract prey from its nest. 
Robert | Erwin, Audubon/PR 


Jacana 


Th mmon crane, Grus grus, found throughout 
mu f Europe and Asia. 

kno vn species is probably the American 
wh- oping crane, Grus americana, because 
of tremendous efforts that have been 
m to try to save this beautiful animal 
fre xtinction. The whooping crane sum- 
m n western Canada and winters on is- 
la off the coast of Texas. It flies from 
or ite to another—a total distance of 
m han 3,700 kilometers —at an average 


rat. of 160 kilometers a day. 

he common crane, Grus grus, also 
mi. ates great distances. It summers in 
n central Europe and Asia and winters 
in sorthern Africa. The migrating birds 


m in a “V” or line formation, flying with 
the: long necks and legs extended. 
R 5, GALLINULES, AND COOTS 


The members of the family Rallidae 
are all “thin as a rail,” for nature has given 
then: slender, compressed bodies which 
enable them to slip easily through bunches 
of marsh grasses. These secretive birds 
are mostly freshwater marsh dwellers. 

There are about 225 different forms of 
Rallidae. They live everywhere but in Ant- 
arctica. The family characteristics are 
short rounded wings, long necks, and mus- 
cular legs, with long slender toes that help 
them to scamper easily across the marshes. 
The coot has lobes on each side of its toes 
to assist in swimming. It is much more 
aquatic than the other species and often 
gathers in large flocks on the water like 
ducks. 


Purcell ~Rapho 


Jacana, a tropical bird that typically “trots” over 
floating vegetation. 


Many species have a chickenlike 
appearance, with their short erect tails and 
short wings. Like chickens, too, they have 
clucking voices. The gallinules, coots, so- 
ras, and yellow and black rails have short, 
thick, pointed bills. The Virginia clapper 
and king rails have rather long, slender, and 
somewhat downcurving bills. 

In the water, both coots and gallinules 
are very ducklike except for their small 
heads, which they continually pump as they 
swim. Strutting and running along the bor- 
der of the marsh, they look more like little 
hens, as they peck at seeds and insects on 
the ground. Some of the most startling 
sounds that come from the marshes can be 
traced to these birds. Their ordinary calls 
sound somewhat henlike: cut-cut, or tuka- 
tuka. But occasionally they give vent to 
loud, angry screeches that shatter the air. 
Unlike the rails, they rarely call at night, 
and are heard mostly in the early morning 
or in the evening toward dusk. 

The coots and gallinules build their 
nests of dried rushes, hidden in clumps of 
marsh vegetation, and sometimes lodged in 
tall, growing stalks, one half to one-one half 
meters above the water. Some are floating 
platforms that can rise and fall with the 
floods. The eggs are buff, the coot’s being 
evenly spotted with black and brown, and 
the gallinule’s, more sparsely spotted with 
brown and lavender. 

The young of almost all the coots, gal- 
linules, and rails are covered with glossy 
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black down when hatched, the coots being 
ornamented with an orange, beardlike 
fringe around the throat. The coots and gal- 
linules lay their eggs at the rate of one a 
day, and begin to incubate each one as soon 
as it is laid. The young are able to swim and 
run almost as soon as they are hatched, and 
leave the nest very shortly. 

Rails in general are the most secretive 
members of this elusive family, and seem to 
take wing only when an escape by dashing 
through the weeds is impossible. Their 
nests are built on the ground, hidden in the 
grassy marshes. The sparrow-sized black 
rail, smallest and rarest of the family, con- 
ceals its nest very effectively in a small de- 
pression. 


THE WATERFOWL 


The waterfowl include swans, geese, 
mergansers, and ducks —all members of the 
order Anseriformes and the family Anati- 
dae. Over 200 species of waterfowl have 
been recognized. 

These birds are adapted for life on the 
surface of the water. They have broad, flat 
bodies that are lightened by air sacs and 
hollow bones. They keep their feathers 
well oiled to prevent water from reaching 
the skin. Their swimming ability is aided by 
webbed feet and strong leg muscles. 

Waterfowl have long necks with which 
they reach to the bottom of streams and 
ponds for food. Their center of gravity lies 
forward. Hence it is not necessary for them 
to tip up as the bill searches for food on the 


The Black Swan of Australia and Tasmania was intro- 
duced into Europe in the 18th century, and recently into 
New Zealand. 


Russ Kinne, PR 


bottom. The bill in most species is broad 
and flat and has grooves at the side, forming 


an effective strainer when the bird dabbles 
after small water organisms. 

One interesting characteristic of water- 
fowl is that they lose all the wisg quills at 
the same time that they molt t5sir nuptial 
plumage after the breeding season. As a 
result, they are unable to fly unti new quills 
have grown in. They must, therefore, de- 
pend on swimming for a wł ) escape 
their enemies. 

THE SWANS 

These elegant birds have h longer 
necks than the other waterfow `n long- 
er than their bodies. Their beau id grace 
has given them a position in th etry and 
legends of many nations. Of the «ight spe- 
cies of swans, two are foun North 
America—the trumpeter and whistling 
swans. Both species are pure \ except 
for the black bill and feet. The ilts are 
more than one meter long. T} vO Spe- 
cies closely resemble the com: omesti- 
cated swan, which has been de) ved from 
the European mute swan and which can 
always be identified by the tuberc! or knob 
on its bill. 

One unusual species is the blac swan, 


Cygnus atratus, of Australia, A Dutch ex- 
plorer who saw these beautifu rds in 
1697—at the mouth of what is now called 


the Swan River—captured some of them 
and carried them back to Europe, where 
they had never before been seen. 

THE GEESE 


There are about 30 species of wild 
geese. The Canada goose, Branta canaden- 
sis, is the most abundant and the best 
known of the species in North America. It 
has been introduced to Europe, where it 
may often be seen in parks. It is about one 
meter long. It is gray-brown above, grayish 
beneath, and has a black head and neck. A 
white patch runs under its chin and up both 
cheeks like an incomplete chinstrap. 

The Canada goose nests from the 
northern United States northward to the 
limit of trees. It winters from the Great 
Lakes southward into Mexico. The travel- 


ings o! the Canada geese are among the 


most conspicuous of bird migrations. One 
hears ‘reir loud honking long before they 
becom: visible as they travel high overhead 
in a great wedge or “Y.” These birds mi- 
grate h by day and by night. On their mi- 
gration they are great vegetarians and are 
fond © »razing on young wheat, both in the 
spring od in the fall. In the South on their 
winte grounds, however, they seem to 
prefe feed in the shallow water of the 
bays lagoons, tipping for aquatic plants 
and or «nisms like the dabbling ducks. 

; snow geese, Anser hyperboreus, 
are ly recognized because they are 


white -xcept for their black flight feathers. 


Som es, however, the head is stained 
orane. Found in both North America and 
Eure ihese are colonial birds that gener- 
ally | l on lake islands and tundra. 

graylag, Anser anser, is the best 
know- of the European wild geese. This 
ashy. wn bird is the species from which 
the « stic goose has been derived. It has 
he se nasal, reedy voice as the domestic 

ird 


THE (\GANSERS 


gansers are fish-eaters. They are 


easil+ 'istinguished from other members of 
the | y Anatidae by their crested heads 
and) -row saw-toothed bills, which end in 
a strong hook to aid them in grasping slip- 


pery ü-h. They seldom walk far from the 
water's edge and must patter along the wa- 
ter’s surface before flying. 

Mergansers pursue their finny prey 
under water by the drive of their powerful 
feet, which are set far back. They first lo- 
cate their prey by lowering their heads until 
their eyes are beneath the surface film. 
They can often be seen swimming along in 
this position. These birds are not valued as 
food, because their fishy diet gives their 
flesh a coarse, rank taste. h 

Three of the nine species are found in 
North America. All of them nest either on 
the ground or in hollow trees. Six to eigh- 
teen eggs are laid, and the young enter the 
water as soon as they are hatched. The 
mergansers breed in the Far North and 
migrate southward as far as Mexico on 


Plomion 


Canada geese. These are the most abundant and 
well-known of all the North American species. 


the approach of the colder season. The fe- 
males of all three species are grayish birds 
with conspicuously crested, reddish-brown 
heads. The males are boldly marked black 
and white birds. 


THE DUCKS 


Ducks are divided into two groups — 
the surface-feeding ducks (subfamily Ana- 
tinae) and the diving ducks (subfamily 
Nyrocinae). 

It is true that surface-feeders some- 
times dive for food and that diving ducks 
sometimes feed on the surface. In the main, 
however, the surface-feeders live in marsh- 
es and on lake shores where they can feed 
in shallow water by tipping their bodies. 
They seek food mostly at night or on dark 
days, and are also frequently seen feeding 
on land. 

The diving ducks, on the other hand, 
feed in deep water, often far from land, for 
they dive readily and secure their food of 
mollusks, roots, and buds of aquatic plants 
in water up to 45 meters deep. They seldom 
feed on land, since they do not walk as well 
as their surface-feeding relatives. These 
ducks also migrate later than the surface- 
feeders, for they are not influenced by the 
freezing of the marshes and shallow water. 
And, since they are less exposed to ene- 
mies while foraging than the surface-feed- 
ers, they feed more during the day than at 


night. 
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The male pintail duck has handsome plumage, 
black and white except for the brown-feathered 
head. 


They are better adapted for diving than 
the surface-feeders. They have larger feet 
and stockier bodies, with shorter necks and 
shorter wings. Also, the hind toes of the 
diving ducks have lobes which make them 
resemble paddles. These lobes are not pres- 
ent in the surface-feeders. 

While swimming, diving ducks rest 
lower than the surface-feeders and do not 
hold their tails up from the water. A beauty 
spot, formed by the iridescent color of the 
secondary feathers of the wing, is a con- 
spicuous feature of most surface-feeders, 
while it is absent from nearly all divers. 
When rising from land into the air, the sur- 
face-feeders spring directly up without a 
preliminary run, while the diving ducks 
must run over the surface of the water to 
work up enough speed for flight. 

One interesting characteristic of all 
ducks, both wild and domestic, is that 
around midsummer, the drakes (male birds) 
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shed their bright plumage for two months or 
longer. The bright feathers are replaced by 


duller plumage, resembling the! of the fe- 
males. This is known as the eclipse feather- 
ing, and takes place at the same time that 
the bird sheds its flight feathers. The reason 
behind this periodic chang iress re- 
mains somewhat of a myste! the scien- 
tist, for it only occurs amon cks native 
to, or transplanted to, the N rn Hemi- 
sphere. 

Most ducks pair and 1 1e spring 
following hatching. The wild duck is mo- 
nogamous, but the domestic i male is 
polygamous. This is probab ` to living 
in captivity under unnatur »nditions. 
The drake is not very much devoted to its 
family, even under the be circum- 
stances—it usually abandon e female 
as soon as incubation is well uncer way. 

The best-known of the sı e-feeding 
ducks regularly nest on the er i, usually 
near water. The nests are crude affairs of 
grasses and weeds. As inc on pro- 
ceeds, the female plucks do rom her 
breast; she uses the down to co the eggs, 
thus keeping them warm when she goes off 
to feed. ; 

The mallard, Anas platyr/ynchos, is 
the most common and one o! the most 
widely distributed species of surľace-feed- 
ing ducks. It breeds readily in captivity as 


well as in the wild state. The males have 
bright green heads and white rings around 
their necks. The females are uniformly 
streaked yellowish or grayish-brown. 

The pintail, Anas acuta, is also widely 
distributed throughout the Northern Hemi- 
sphere. The male has a chocolate-brown 
head and neck, with a conspicuous white 
streak up each side of the neck. Its tail is 
long and pointed. The female looks much 
like the mallard female. ‘ 

Diving ducks commonly gather in 
large flocks — thousands of scaup ducks, for 
example, are not an unusual sight on larger 
bodies of water. The diving ability of these 
ducks can hardly be exaggerated. Some 
members of the family, especially the old 
Squaws, are repeatedly captured in gill nets 
set for fish 30 to 45 meters below the wa- 
ter’s surface. The old squaws, scoters, and 
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believed to use their wings as 
sir feet in diving. The rest of the 
ks, however, use only their feet, 
set very far back —this is the rea- 
these birds can walk only with 


living ducks prefer the marshes 
g. They can slip from their nests 
to the water without having to 
ry land. 

anvasback, Aythya valisineria, so 
m the white back of the male, is 
ognized because of its long, flat, 
sloping profile. The male has a 
sad and neck. The female’s back 
her head and neck are cinnamon 


ducks, Somateria mollissima, 
rthern regions around the world. 
‘ks are the largest ducks and are 
ly. The male is the only duck that 
ick belly and a white back. The fe- 
rown. 
various other ducks, the female 
ck covers her eggs with down 
from her breast. This down, taken 
nest by humans, is the eider down 


erce. 


rple heron. These birds live in colonies an! 
Middle: a white stork. White storks are comm 


yht: an egret. 


STILT-LEGGED BIRDS 


Members of the order Ciconiiformes 
are well adapted for their life as waders. In 
addition to their long legs, they have long 
necks and long bills, which help them catch 
fish, snakes, frogs, and so on. 

The approximately 120 species are 
widely distributed. These birds are strong 
fliers, and many of the temperate-zone spe- 
cies migrate. 


HERONS, BITTERNS, AND EGRETS 


The long-legged herons are wading 
birds that live in marshes of salt-water la- 
goons, freshwater lakes, and rivers. No 
matter how much they eat, they always 
look emaciated, with their long necks and 
legs and light, bony bodies. 

Herons are patient fishermen and often 
can be seen standing quite still in the water 
waiting for prey to come near. Some herons 
wander about in search of prey, staring at 
the water and lifting each foot and putting it 
down so carefully that there are no ripples 
to warn the water creatures. The heron’s 
bill is shaped like a stiletto and is a most 
formidable weapon. The bird has a vora- 


d nest in bushes or trees near 


on in Europe, Asia, and 
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Top. George Holton, Audub 
Sea birds. Top: giant petrels. This courting pair 
nests in Antarctica. Bottom: a pair of courting alba- 
trosses. Albatrosses have a very large wingspan. 


/PR, bottom, B Tollu—Jocana 


cious appetite and consumes fish, frogs, 
tadpoles, crayfish, small snakes, meadow 
mice, shrews —all with a spicy relish. 

The voices of the heron family are 
hoarse croaks and squawks. The birds vary 
in size from the least bittern, whose body is 
not much larger than that of a robin, to the 
great white heron, which is more than one 
meter long. Colors range from the streaked 
brown plumage of the bittern through vari- 
ous shades of blue, gray, and chestnut to 
the snowy white of the egrets. Herons are 
ornamented with elongated feathers on 
crown, foreneck, or middle of the back. 

Herons are gregarious birds, roosting 
and nesting in colonies. The nests are usu- 
ally built in trees or large bushes in 
swamps. The bittern, however, nests on the 
ground in treeless marshes. Herons’ nests 
are bulky platforms of twigs and sticks 
lined with grass. Three to six pale greenish- 
blue eggs are laid. The old birds double up 
their long legs under them when brooding. 

When the young are hatched, they are 
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covered with down. If alarn the young 
herons stretch up their long ler necks 
and remain perfectly quiet s hey look 
more like sticks than birds. S the nest 
be disturbed, they may er intruder 
with thrown-up stomach co of partly 


digested food from the par op. 


The name “egret” is u pplied to 
the white members of the { hat wear 
long nuptial plumes, or ai on their 
back during the breeding These 
plumes, which look as if the made of 
spun glass, have nearly le e egret’s 
extinction, for they were in great 
demand as a decoration fi n’s hats. 
They could be obtained or lling the 
adult birds; the fledglings e left to 
starve. As a result, the egre ut disap- 
peared. Thanks to the effo sislators 
and environmentalists, most s are no 
longer in danger of extinctio 

Bitterns are smaller th ns. Like 
the other members of this í hey live 
in reedy marshes. Bitterns ficult to 


observe, however, as the hy and 


skulk about among the re hen ap- 
proached closely, a bitters ) freeze 
into position with head, neck {| point- 
ing to the sky and the st: ong the 
throat blending with the surr ng reeds. 
The bittern has a booming c: spring- 
time and is a skilled ventrilog: 
FLAMINGOS 

With plumage of rosy pi r bright, 
vivid scarlet, the flamingos ar xong the 
most beautiful of birds. They have very 
long necks and legs. Their bills are distinc- 
tive. The lower part is like a broad, deep 


box. The upper part fits into the lower part, 
like a box lid. The sides have gill-like struc- 
tures that serve as sieves. When the bill is 
thrust into mud, the sieve strains out shell- 
fish, frogs, plant matter, and other food 
from the mud. -A 
The most widely distributed species 1S 
the greater, or scarlet, flamingo, Phoenicop- 
terus ruber. In the New World it ranges 
from the Bahamas through the Caribbean 
and into parts of Central and South Amer- 
ica. In the Old World it is found around the 
Mediterranean Sea, Caspian Sea, and Per- 
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It favors shallow coastal waters. 
nale lays one or two eggs in a con- 
made of mud. The young birds 
| grayish-brown plumage. Several 
s before they attain the vivid adult 


LLS AND IBISES 


e birds of the family Threskior- 
ire, for the most part, tropical or 
cal, though some summer as far 
Scandinavia and southern Cali- 


>pt for their bills, spoonbills and 
semble each other, as well as her- 
storks. The spoonbill has, as you 


essed, a spoon-shaped bill. It is 


ll adapted to catching the frogs, 
insects, and small fish on which a 
feeds. The ibis has a long, slen- 
n-curving bill that is more or less 

al. It seeks prey similar to that of 
bill. 


sonbills are gregarious birds, often 


very large colonies during the 
season. They build nests on the 
in bushes, or in low trees. Some 
e colonial and are often found to- 
ith spoonbills and herons. Other 


mber of herons, egrets, and spoonbills 


: on the shores of a bird sanctuary. 


species are generally solitary birds. They, 
too, build nests in a variety of sites: on 
trees, bushes, in holes in rock ledges, or on 
the ground. 

Plumage of these birds ranges from 
white to shades of pink and rose. The white 
ibis, Eudocimus albus, has pure white 
plumage, with a few large feathers tipped in 
black. The glossy ibis, Plegadis falcinellus, 
has green, purple, and bronze tints on its 
plumage. The roseate spoonbill, Ajaia 
ajaia, has pink plumage, pink legs, and a 
yellow bill. 


SEA BIRDS 


Four families of sea birds make up the 
order Procellariiformes: the albatrosses; 
storm petrels; diving petrels; and shearwa- 
ters and fulmars. These birds spend almost 
all their time in the air. They come ashore 
only to breed. 

These birds are commonly called tube- 
noses, because the nostrils open through 
tubes that extend along the top or sides of 
the bill. The tip of the bill is hooked and 
enlarged. The upper half of the bill is longer 
than the lower half, and is curved down- 


ward. relies 
Every part of the world is visited by 


Avdubon/PR 
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Spoonbills, found in temperate and tropical re- 
gions, use their bill to strain for crustacea. 


Procellariiformes. Individual species may 
be very wide ranging. The sooty shearwa- 
ter, Puffinus griseus, for example, makes its 
homes in the oceans of the Southern Hemi- 
sphere but, in summer, flies as far north as 
California and northern Europe. It re- 
turns every year to the same nesting site. 

The albatrosses are the largest mem- 
bers of the order. The wandering albatross, 
Diomedea exulans, may attain a length of 
more than one and one third meters and a 
wingspread of over three meters. Storm 
petrels are the smallest sea birds, looking 
rather like swallows. 

The plumage usually consists of gray, 
black, or white feathers. There are no bril- 
liant colors. Males and females have the 
same plumage; seasonal variations, if any, 
are slight. 


PELICANS AND KIN 
All members of the order of Pelicani- 
formes have long bills and an expandable 


membrane, or throat pouch. In pelicans, 
this pouch is very noticeable, being 15 cen- 


WATER AND SHORE BIRDS 


timeters or more deep, and r 


e used to 
scoop up and store fish. In frigate bi 


ls, the 


pouch has a function during ship. The 
male attracts a female by i: x his nor- 
mally invisible pouch, w gradually 
turns scarlet, and by rattling l 

The order consists o milies of 
birds: pelicans; cormorant igas; gan- 
nets and boobies; frigate | nd tropic 
birds. All feed exclusively 
PELICANS 

These are gregarious hat breed 


in large colonies. Their la! S, com- 


posed of sticks, reeds, ar may be 
built on the ground or in tre ie two to 
five eggs are a bluish-white 

Pelicans are among th: t of birds, 
ranging in length from 1.2 meters. 
Some white pelicans, Pel ocrotal- 
us, have a wingspan of clo hree me- 
ters. White pelicans are fo mperate 
areas in both the New Worlds, 
along coastal lagoons an hes and 
large inland bodies of water 

The brown pelican, | us occi- 
dentalis, is a New World es, most 
commonly found from the Mexico 
to South America. Occas it will 
wander north as far as Cana s a spec- 
tacular sight to see this b it dives 
headlong from high in the sl ) the wa- 
ter, emerging soon thereafte a fish. 
THEIR KIN 

Cormorants have long necks and thin, 
hooked bills. The plumage is usually a 
metallic black. Occurring throughout the 


world, they dive after their pr and are 
used in the Far East to catch fish. One 
species, the Galapagos cormorant, cannot 
fly. The nests, of sticks and seaweed, are 
built on the ground or in trees. Usually 
there are two to four eggs. x 

Anhingas are also called snakebirds 
or darters because of their very long necks. 
They are found on all continents except 
Europe. They live in colonies and lay three 
to six eggs in tree nests. 

Gannets occur in cooler waters and 
boobies in warm waters. Both are colonial 
nesters and excellent divers. 


Male et tanager (Pir- 


ang ea). Scarlet tan- 
age Jund throughout 
mucł tern and central 
Nort ica and, in win- 
ter ith as Peru 


Karl & Steve Maslowski, Audubon/PR 


PERCHING BIRDS 


e birds most familiar to people are 


perching birds. Most species are also 
kne as songbirds. These birds have been 
more successful than others in adapting 
to human environments. Almost any- 
where you travel you may see or hear such 
birds as sparrows, finches, swallows, and 
thrushes. 


Most species of birds—some 5,500 of 
the 8,600 known to us—are perching birds. 
They comprise the order Passeriformes. 
The great majority of these are in the subor- 
der Oscines; these are the songbirds. 


GENERAL CHARACTERISTICS 


_ Perching birds have four toes on each 
foot, one of which points backward. This 
arrangement enables the bird to easily 
perch on everything from leaf stems to 
thick branches. Tendons in the feet enable 
the bird to flex its toes and grasp its perch 
tightly. Any movement that threatens the 


bird’s equilibrium will cause the feet to 
tighten their grip. This explains why perch- 
ing birds don’t fall off thin telephone 
wires—even when they are asleep on a 
windy night. 

There is great variety in the appear- 
ance of perching birds. They range in size 
from tiny wrens only 72 centimeters long 
to the lyrebirds, which may be more than 
100 centimeters long—counting their 75- 
centimeter-long tail. Some, such as the Bal- 
timore, or northern, oriole and the cock-of- 
the-rock, are brilliantly colored. Others, 
such as the woodwarblers, have dull-col- 
ored plumage. 

The beaks vary, depending on the food 
eaten by the bird. For example, wrens have 
long, slender, slightly downcurved bills, 
which are useful in picking insects off 
leaves. Cardinals have large, heavy bills 
adapted to crushing seeds. Drongos have 
strong bills that are hooked at the tip and 
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both photos, Paul Schwartz, Audubon/PR 


Barred antshrikes (Thamnophilus doliatus) of Cen- 
tral and South America. The female (top) is reddish- 
brown, the male (lower) boldly barred with black 
and white. 


slightly notched, the better to hold insects 
captured while in flight. 

Almost every songbird species can be 
recognized by its distinctive song or songs. 
A few, such as crows and blue jays, imitate 
the calls of other birds. 

A number of different classification 
systems are used for the Passeriformes. In 
general, they are divided into more than 50 
families. Over 40 of these families comprise 
the suborder Oscines—the songbirds. 
Members of the other families are some- 
times called sub-Oscines. 

In the following pages we will look 
briefly at some of the better known and 
more interesting perching birds. 


SUB-OSCINES 


Many of these perching birds can sing. 
However, their vocal organs are not as well 
developed as those of the Oscines. 
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WOODCREEPERS 


About 50 species of \dcreepers 
make up the family Dend: \laptidae. 
These solitary tree-dwellers ound from 
Mexico and some Caribbean nds south 
to Argentina. 

Woodcreepers range ir from 13 
to 38 centimeters. Most spe ave olive 
plumage with reddish wings ail. Their 
legs are short and strong. T | is stout 
and long. It is adapted for ; bark to 
find insects and spiders, wh the main 
foods of a woodcreeper 
OVENBIRDS 

The family Furnariida: isists of 
approximately 220 species enbirds, 
These are small to med ed drab 
brown South American birds live ina 
variety of habitats, from the vast to the 
Andes, from swamps and j tO grass- 
lands and rocky mountain slo} lost have 


narrow beaks and feed on ins« 
Ovenbirds get their c n name 
from members of the gen rnarius, 


These birds build large, elabi iud-and- 
cow-dung-nests that look li} ishioned 
ovens. 
AMERICAN FLYCATCHERS 

The American, or tyr: atchers 
make up the family Tyrannid There are 
more than 350 species, fou roughout 


the Americas but most nun us in the 


tropics. They are not to be cc sed with 
the true flycatchers, which are members of 
the thrush family (Muscicapidae), and 
which are Old World birds. 

In temperate zones, American fly- 


catchers often live in open country, thin 
Woods, orchards, or gardens. There they 
perch on branches and poles, from which 
they quickly dart after insects, their chief 
food. Other species live in deserts and trop- 
ical rain forests. 

These birds have small, weak feet, 
short necks, and large heads. The bill is 
broad and flat at the base, then tapers down 
to a hooked tip. The mouth, which has bris- 
tles at its corners, can open wide. 

These birds are called “tyrants” be- 


eir aggressiveness. They drive 


cause of 
off large rds, such as hawks and crows, 
from their territory. 

Among the most fearless Tyrannidae 
are the kingbirds, genus Tyrannus. The 
eastern gbird, Tyrannus tyrannus, is a 
comm« vecies. A little smaller than a 
robin, | white, black, and gray, with an 
orangi wn. It nests in rural areas in east- 
ern Ne \merica. It spends the winter in 
Centr \merica and northern South 
Amer 

(0) \f the most colorful members of 
the fa is the many-colored tyrant, Ta- 
churi igastra, of South America. Its 
plum: cludes greens, oranges, and reds, 
as we lack and white. 

I amily also includes the small 
phoe! f the genus Sayornis, and the 
wood ee, Myiochanes virens. They are 
the si f sparrows, gray-brown or olive 
abov i whitish below. Pewees prefer 
wood s; phoebes, human habitations. 
COTIN 

family Cotingidae contains 90 
speci These birds all live in the New 
Worl rom the southern United States 
down ) South America. Most are forest 
dwel They have short, sturdy legs. The 
beak large and hooked. Cotingas usu- 
ally cat insects and fruit. : 

birds in this family differ greatly in 
appearance from one another. Most have 


dull-colored plumage, but some are brightly 
colored. The male cocks-of-the-rock of the 
genus Rupicola are bright red or orange. 
Atop the head is a flattened, disklike crest. 
The female cock-of-the-rock also has a 
crest, but she is brown in color and smaller 
in size. 

LYREBIRDS 


The beautiful lyrebirds make up the 
family Menuridae. They are Australian 
birds known for the graceful tail of the adult 
male. It has two large outer feathers. Be- 
tween these are 12 filamentary feathers. 
All are silvery on the underside. The feath- 
ers may be 75 centimeters long- When the 
male courts a female, he spreads the tail 
feathers and brings them forward over his 


back. He also dances and sings to the fe- 
male, mimicking the songs of other forest 
birds. 

The lyrebird is somewhat henlike in 
appearance. It has a large head and a long 
neck. The wings are short, rounded, and 
not very strong. The legs are long and the 
feet bear heavy claws. 


OSCINES 
LARKS 


Only one of the 75 species in the fami- 
ly Alaudidae is native to the Americas. The 
other species are found in Europe, Asia, 
and especially in Africa. In general, larks 
are sparrowlike birds with small, rounded 
bills, rounded shanks, and greatly elongated 
hind toenails. Many have very lovely 
songs. 

The horned lark, Eremophila alpestris, 
is widely distributed throughout North and 
South America. It averages 18 centimeters 
in length and has curious black markings 
about the face and little tufts of erectile 
black feathers on the head. These birds fre- 
quent open farming country and prairie 
land, where they run along roads or soar 
aloft with a cheerful whistle. They feed 
largely on the seeds of weeds except during 
the nesting season, when they consume a 
great many harmful insects. 

The horned larks begin to nest very 
early in the spring. Olive or grayish speck- 
led eggs are laid in a nest placed in a de- 
pression in the sod. During the breeding 


atcher (Pyrocephalus nanus), found 


Vermillion flyc 7 f 
y America to Argentina. Itis one 


from southern North 


of the few brightly colored tyrant flycatchers. 


Summer Hays, Audubon/PR 
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season, the males perform daring aerial 
evolutions. 

In former years, horned larks were net- 
ted in tremendous numbers and sold as 
game birds. Today, they are protected by 
law. Farmers realize their value to agricul- 
ture in destroying great numbers of harmful 
insects and weeds. 


SWALLOWS 


The swallows, family Hirundinidae, 
are among the most pleasant and well-loved 
of birds, and have long appeared in litera- 
ture as symbols of spring and its promise of 
happiness. The nesting swallows are often 
the first to greet the early sun of a summer 
morning with pleasant warbling. They are 
day birds, and birds of the air. Their bodies 
express this adaptation beautifully. They 
have a thin, streamlined shape; long, ta- 
pered wings; and graceful tails that are nev- 
er round but always forked or notched. The 
swallow’s smooth glide over the surface of 
a pond, as it quenches its thirst in flight, is 
an inspiring sight. It rarely walks on the 
ground as its feet are small and weak, and 
fit only for perching. 

The swallow family is worldwide in 
distribution. There are 75 species. All are 
insectivorous, and, like all such birds, have 
short, flat bills. 

The migrations of swallows are linked 
to the abundance of insects in the air, As 
insects begin to disappear with the ap- 
proach of cold weather, thousands of swal- 
lows assemble in flocks, preparing for their 
journey to warmer lands. In the spring, the 
swallows dependably return with the first 
warm weather and its increase of insects. In 
nesting, swallows are remarkably diverse. 


CUCKOO-SHRIKES 


Members of the family Campephagi- 
dae are related neither to cuckoos nor 
shrikes. There are 70 species, distributed 
from Africa through Asia to the Philippines 
and Australia. They are tree-dwellers, liv- 
ing in forests and woodlands and feeding on 
insects and small fruits. They range in 
length from 12 to 33 centimeters. 

The black-faced cuckoo-shrike, Cora- 
cina novaehollandiae, is common in south- 
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Scarlet, or flamed, minivet (F otus flam- 
meus), found in the tropical fores idia, south- 
eastern Asia, and the Philippines 

ern Australia and Tasmania « ig the sum- 
mer months. It flies to warm ces for the 
winter. It usually nests on a horizon- 
tal branch of a eucalyptus tree. Like most 
cuckoo-shrikes, it builds a low, frail 
nest. Both parents share the «s of nest- 
building, incubating, and ie for the 
young. 

Minivets, also members the Cam- 
pephagidae family, are a gro f slender, 
brightly colored birds fou vainly in 
tropical forests of Asia. The 15 to 20 
centimeters in length. The ` sharply 
hooked and well-adapted to pic’ ing insects 
from leaves or catching them in midair. 
SHRIKES 

The shrikes (Laniidae) are an Old 
World family containing 7(-odd species. 


Only two of these, the loggerhead and the 
northern, are found in North America. 

The shrike, which is about as large asa 
robin, often preys upon other birds. It well 
deserves the name “butcher bird’ that is 
often given to it. The shrike has a strong, 
sharp, hooked bill. It has ordinary song- 
bird feet, however, rather than the sharp 
and strong talons of birds of prey, such as 
owls or eagles. Therefore, it does not attack 
birds with its feet. Instead, it uses its 
powerful bill to impale its victim on a thorn 
or on a barb of a wire fence, or else to 
wedge it into a fork in a branch. Then it 
perches on one side of the victim, braces 
itself, and begins to feed on its prey. 

The shrike feeds not only on small 


birds h as sparrows and chickadees, but 


also on insects, mice, and snakes. In time of 
plenty. it may kill more than it needs and 
leave surplus impaled on thorns. 
s kes usually select some prominent 
fence st or the top of a tree from which 
they n survey the country and attack 
their y. They can adjust their eyes for 
diffe distances and thus can keep their 
victim) in focus all the time. It is said that a 
shril in fly directly to a spot several 
p meters away and catch a grass- 
Of 

en the nesting season arrives, the 
shri \ilds a substantial open nest. Four 
or Í nottled grayish eggs are laid. The 
shi ; bold in defense of its family. 

shrike’s song is a subdued “shek- 
she ometimes prolonged into a magpie- 
like (le —a curious mixture of harsh and 
mu notes. The bird’s anxiety cry is a 
gra ‘jaaeg.” 
WA IGS 

waxwing is known for its dignified 
car and its quiet coloring and conduct. 
Tt ithered aristocrat’s family name, 
Bo illidae, refers to the silky texture of 
its wnish plumage. The word bombyx 
me ‘silkworm” in Latin. A reddish- 
ch ut crest, yellow-tipped tail feathers, 
anc . waxlike appendages on the inner 
wing feathers further distinguish this bird. 
Adults have a black eye stripe and throat 
pat 


. he waxwings are one of the smallest 
families of birds, containing only three spe- 
cies. However, they have a wide distribu- 
tion throughout the Northern Hemisphere. 
Eastern Asia is the home of the Japanese 
waxwing, which has a rosy-red tail band 
instead of yellow. The Bohemian waxwing 
is found in North America, Europe, and 
Asia. The cedar waxwing ranges through- 
out the United States and Canada. 

_ The waxwing is no singer. Its call-note 
is a weak and high-trilled “zhreee,” sound- 
ing like the whistle belonging to a vendor's 
peanut-roaster. It has been suggested that 
the waxwing gave up music because it hin- 
dered its success in eating cherries. Indeed, 
this bird is liable to be unwanted around 


Karl Maslowski, Audubon/PR 
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Top: the common mockingbird (Mimus polyglot- 
tos), one of the most gifted songbirds throughout 
its North American range. Lower: song thrush 
(Turdus ericotorum) a European songbird, here 


seen near its nest. 


sweet cherry trees, especially where native 
fruit or mulberries are scarce. However, it 
prefers wild fruits. Therefore, the best way 
to protect a cherry orchard against the 
waxwing is to plant plenty of native fruit 
about the orchard to supply the bird’s food 
needs. The waxwings more than pay for the 
orchard fruit they eat by devouring insect 
pests found in orchards and shade trees. 
Waxwings love company. They travel 
in compact flocks until the nesting period. 
Their direct, even flight can be recognized 
at a distance. 
It is not uncommon to see the mem- 
bers of a small flock arrange themselves on 
a branch where only the one at the end can 
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reach the fruit. It plucks the fruit and very 
politely passes it to its neighbor and thus on 
down the line until the last bird is reached. 
This last bird then swallows the morsel. 
This may go on for some time before the 
birds scatter and commence feeding by 
themselves. 

The waxwing nests late, builds a bulky 
nest 2 to 7 meters above the ground, and 
lays three to five spotted, bluish-gray eggs. 


WRENS 


The energetic, small brown wrens be- 
long to the family Troglodytidae. There are 
about 350 species, found in both hemi- 
spheres. The majority of the species, how- 
ever, dwell in the tropics of South and Cen- 
tral America. 

In spite of their numbers, wrens are 
remarkably uniform in their plumage, wear- 
ing browns and grays in very inconspicuous 
patterns. The birds are from 10 to 15 centi- 
meters long, with rounded wings and short 
tails, which they characteristically hold 
erect or tilt forward over the back. Their 
small, plump, brown bodies and their habit 
of haunting brush piles or walking on the 
ground give them a strikingly mouselike 
appearance. They constantly flutter about 
as though on springs, scolding trespassers 
in a loud voice. 

Individual species can be identified by 
their songs, which are distinctly different, 
The male wren has a song of surprising vol- 
ume and sweetness. The female seldom 
sings. In some tropical species, however, 
the mates sing “duets.” 

The house wren, Troglodytes aedon, is 
one of the commonest species. It is found 
throughout North and South America from 
Quebec to Argentina. It is uniformly dark 
brown above, faintly barred with black, and 
brownish-gray below. 

The house wren somewhat resembles 
another quite common species, Bewick’s 
wren, Thryomanes bewickii. The latter, 
however, has a light line over its eye and 
light spots on the corners of its tail. 

Both the house wren and Bewick’s 
wren are fond of the habitations of people 
and are quick to avail themselves of nesting 
boxes put up for them. 
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The long-billed marsh wrer 
dytes palustris, of North Ame 
the cattails and sedges of ma 


Telmato- 
requents 
; border- 


ing lakes, creeks, or slough its in- 
cessant song will always be rd. Even 
during the hours of darkness, when most 


birds are quiet, the marshes will resound 


with their chorus. Often the wrens seem to 
be carried away by the exub e of their 
own songs and, springing the cat- 
tails, seem actually to exp upward, 
With their feathers shaken or ieir short 
Robins are familiar birds in many ç \e world. 
Top: a red-cap robin (Petroica g of Aus- 
tralia, shown here with its you ttom: the 
American robin (Turdus m found 


throughout much of North Amer 


wing 
forw 
cotte 


for it 


ibrating, their cocky tails tilted far 
l, their plump little bodies look like 


balls. 


e long-billed marsh wren is noted 
imazing nest-building habits. It typi- 
\ilds several elaborate nests each 

why is not known. 

the arid regions of the western 
States dwells the largest and most 
like of all the wrens, the cactus 
ampylorhynchus brunneicapillus. It 
y bird with a white-spotted breast 


lar's jay (Cyanocitta stelleri) of the western 
tates and Mexico. Bottom: the great tit 

jor) of Europe, Asia, and northern Africa. 
Bill Reasons, Audubon/PR 


whose large, retort-shaped nests are among 
the most characteristic sights of the cactus 
country. Its song is less musical than that of 
any other wren, although it is given in char- 
acteristic wren fashion with the tail droop- 
ing and the head thrown back. 

Although at present the cactus wren is 
found primarily in arid, uncultivated, desert 
land, its dietary preferences may, at some 
future date, be put to very valuable use by 
mankind. These birds feed on insects inju- 
rious to valuable crops, and their cultivation 
in agricultural areas would bring a powerful 
ally to the side of farmers in their war 
against harmful insects. 


MOCKINGBIRDS, CATBIRDS, AND 
THRASHERS 


Members of the family Mimidae are 
mimics. They imitate other birds. There is a 
record of one mockingbird that imitated 32 
different species in ten minutes of continu- 
ous singing. Not all members of the family 
are good mimics, or mockers. Many confine 
themselves to their own brilliant notes. 

There are 34 species in the family 
Mimidae. They are New World birds. In- 
cluded in the family are mockingbirds, cat- 
birds, and thrashers. 

Mockingbirds. Mockingbirds are about 
the size of thrushes. The best-known spe- 
cies is the northern mockingbird, Mimus 
polyglottos. In places along the Gulf of 
Mexico it is the most abundant bird, and 
its rich songs are heard on every side. 

The northern mockingbird is a slender, 
ashy-gray bird about the size of a robin, 
with white marks in the darker wings and 
tail. It is found wherever there is a thicket 
in which to hide and an exposed perch from 
which to sing. 

Catbirds. The catbird, Dumetella ca- 
rolinensis, is a common species of Canada 
and the United States. It resembles the 
mockingbird in being a long, slender, gray 
bird, but it is darker and it does not have 
the white bars in the wings and tail. Its only 
marks are a black cap, black tail, and red- 
dish-brown feathers at the base of the tail. 
It gets its name from the harsh catlike notes 
with which it scolds every intruder and with 
which it ruins an otherwise melodious song. 
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Many learn to imitate the notes of other 
birds with great skill. 

Catbirds are either very sympathetic to 
the troubles of all the bird world or very 
inquisitive, for whenever a bird is in diffi- 
culties and gives an alarm cry, all of the 
catbirds of the neighborhood assemble to 
stare at and to scold the disturber. In the 
defense of their own nests, they are seldom 
excelled for bravery. 

The catbird is very largely insectivo- 
rous and therefore beneficial. However, 
together with many other birds, it shows a 
partiality for cherries and other small fruits 
in their season. Where mulberries and wild 
fruits are available, cultivated varieties sel- 
dom suffer. 

Thrashers. Thrashers are the most nu- 
merous of the mockingbird family. Their 
center of distribution is in the southwestern 
United States. They extend southward 
through Mexico and westward through 
southern and lower California. 

Only one species, the brown thrasher, 
Toxostoma rufum, is found east of the 
Rocky Mountain region. It occurs through- 
out eastern North America as far north as 
Quebec and occasionally somewhat far- 
ther. The brown thrasher is often confused 
with the wood thrush, although it differs in 
its much longer, slightly curved bill, its long 
tail, and its streaked, rather than spotted, 
underparts. It is a shy bird, much more 
often heard than seen, for it keeps to the 
undergrowth, where it scratches among the 


The capped wheatear (Oenanthe oenanthe), a 
wide-ranging Eurasian member of the thrush 
family. 


Vanguard, Audubon/PR 


leaves on the ground or digs holes with its 
bill in its search for larvae. 

The sound produced as į 
blows the soil from its nos 
like a snort. When singing, the ma 
to the topmost branches of : 
which its loud, ringing notes c 


for long distances. The song rich, ring- 
ing medley. Though limited in iis range and 
confined to one air, it rivals mocking- 


bird’s in the exuberance of its iones 
Occasionally the thrasher tives about 


gardens, especially if some rt is made 
to develop a tangle of shrub! in which 
it can find seclusion and saf from ene- 
mies. Like the mockingbird l catbirds, 
it will come to a food shelf suet and 
crumbs and sometimes becomes quite 
friendly. When the bird is ang rin active 
defense of his nest, it vigor switches 
and thrashes its tail about — her ts name. 
THE THRUSH FAMILY: ROBI? 

WARBLERS, AND OTHERS 

The family Muscicapidae a very 
large family. Its members are found in most 
parts of the world, though greatest 
numbers live in the Eastern Hemisphere. 
The family includes many birds that are 


very well known: the robin ird, and 


wood thrush of North Amer 1e garden 
warbler and blackbird of Eur ihe fantail 
and tomtit of New Zealand; and so on. 
The birds of this family are generally 
insect-eaters. Many capture the insects in 
The eastern bluebird (Sialis sialis). This small, 
beautiful North American thrush is n used as a 


symbol of happiness. 


udubon/PR 


the air. Others hunt for insects in foliage, on 
branches, or on the ground. 
Thrushes. Thrushes make up the sub- 


family “urdinae. They are found almost 
everywhere. The more than 300 species 
include the robins, wood thrushes, blue- 
birds, weatears, bluethroats, rock thrushes, 
and nig ilingales. They inhabit parks, gar- 
dens, elds, and woodlands. 


[ rushes are medium-sized songbirds 
aver: > under 30 centimeters in length. 
They e strong wings and legs and long, 
slende: bills slightly curved at the tip. Their 
color riform rather than streaked. Most 


thrus are dull brownish to grayish, but 
some species are more brightly colored. 
The underparts are white, with spots. Most 
thrus ire beautiful singers. 

Except during the nesting season, 
thrus travel in scattered flocks, hunting 
food >y usually eat insects during spring 
and £ summer, and wild fruits or berries 
in late summer and fall. 

e thrushes often winter in cool 
area it others spend their winters in 
tropical regions. 

The American robin, Turdus migrato- 
rius, with its black head and reddish breast, 
is one of the best-known thrushes. It is 
famed as a herald of spring, although some 
robins remain in one area during the entire 
winter. The robin builds its mud nest wher- 


ever it finds a sheltered ledge about the 
house or garden. 

To shape the nest, the female robin 
uses her breast, turning round and round. 
The eggs are the familiar “robin’s egg 
blue.” The robin’s cheerful phrase, “cheeri- 
ly, cheerily,” and the brisk, businesslike 
manner with which it dispatches earth- 
worms and insects makes it one of the best- 
known and most popular of all wild birds in 
North America. 

The “robin redbreast” of children’s 
thymes is the European robin, Erithacus 
rubecula. It is smaller than the American 
robin. The upperparts are olive brown. The 
forehead, throat, and breast are bright or- 
ange-red. It has a lovely song, which it 
uses to define its territory and warn other 
birds away. 

Several small North American thrush- 
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Canada warbler (Wilsonia canadensis), found 
throughout southern Canada and northern and 
central United States. 


es of the genus Sialia are commonly known 
as bluebirds. The males have more blue in 
their plumage than do the females. The 
bluebird is not always readily identifiable 
unless it is seen in strong light, for only then 
does the blue in its plumage show up. This 
is because it is a diffraction color and not 
due to pigments. This beautiful bird is very 
devoted to its family, as befits a symbol of 
happiness. It nests in an abandoned wood- 
pecker hole or cavity in a tree or fencepost. 
It is also quick to take advantage of a bird 
house which has been put up for it. A most 
welcome guest in the garden, the bluebird 
destroys enormous numbers of insects. 

Few birds have sweeter songs than 
that of the hermit thrush, or American 
nightingale, Catharus guttata. One seldom 
hears the bird, for it is very shy and fre- 
quents woodlands rather than gardens. It is 
easy to identify, for its tail is a much brigh- 
ter brown than the rest of its back. In true 
thrush fashion, it white breast is dark-spot- 
ted. It nests in Canada and in the hills and 
mountains of the northern United States 
above an altitude of 150 meters. 

The name “blackbird” is commonly 
given to several species of thrushes. That of 
“four and twenty blackbirds” fame is the 
European blackbird, Turdus merula, which 
has also been introduced into Australia and 
New Zealand. Some 25 centimeters in 
length, the male is entirely black, except for 
a yellow bill. The female is dark brown, 
with a paler throat and a brown bill. It lives 
in many different types of environments. A 
ground feeder, it favors insects and fruit. 

Flycatchers. These birds range from 
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Si 
Dan Sudia, Audubon/PR 


Top: Yellow warbler (Deudroica petechia), found 
throughout much of the Americas. Middle: black- 
Capped chickadee (Parus Stricapillus), a friendly, 
inquisitive bird of the woodlands of North America. 
Bottom: brown, or tree, creeper (Certhia familiaris), 
a wide-ranging, stiff-tailed bird found in cool, 
wooded areas of North America and Eurasia 
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Europe and Asia through the islands of the 
Pacific to Australia and New Zealand, 
Some 50 species are found in New Guinea. 

There is great variety in the appear- 
ance of these birds. Some have brightly 
colored plumage. Others are dull in color, 
Some have wattles on the face. A few have 
crests. Most are small-sized, with long 
pointed wings and relatively short tails, A 
typical species is the spotted flycatcher, 
Muscicapa striata, of Europe. It is brown- 
ish-gray with a creamy breast. Its song isa 
monotonous chirp. 

Warblers. Small birds, warblers gener- 
ally have thin, pointed bills and feed on in- 
sects. The common name comes from the 
warbling, or trilling, song that these birds 
produce. Many have very melodious songs, 
while other species sing monotonous or 
even unpleasant songs. The 275 species are 
distributed throughout the Old World. 

Two species, known as kinglets, are 
found in North America. The kinglets 
sometimes follow the winter flocks of 
chickadees and nuthatches. More often, 
however, these small gi iyish-olive-green 
birds keep to themselves among the ever- 
greens, searching for scale insects and 
aphids. Their movements are quick, their 
wings constantly flitting. Their bright gold 
or red crowns are partially concealed ex- 
cept when they raise their crown feathers. 


TITMICE AND CHICKADEES 


The family Paridae contains some 60 
species of small birds that are common in 
woodlands throughout the Northern Hemi- 
sphere. 

As a group, these birds have the com- 
mon characteristics of small size—most 
weigh less than 20 grams—short cone- 
shaped bills, blunt-ended tongues, rounded 
and well-developed wings, and rounded tail 
feathers. Their plumage is never spotted, 
Streaked, or barred. The predominant 
colors are gray, brown, and olive on the 
upper parts, dull white and gray on the 
lower ones. Some may have black, gray, Or 
yellow around the head, or else they may 
have protruding tufts, as in the case of the 
tufted titmouse. 

Although the titmouse will eat almost 


anything, it prefers a diet of insects. When 
these are not available, it will eat various 
seeds and the larvae and eggs of insects. 

y a few species migrate south for 


the winter. After the nesting season, mem- 
bers of most species of these sociably in- 
cline tle birds join forces in loosely orga- 
nize oups and spend the cold winter 
montis foraging for food together. Seeming 
to e their society, other winter birds, 
such the downy and hairy woodpeckers 
and :olden kinglets, often follow these 
floc} Jot only do these birds get along 
well ther, but they seem to have little 
fear eople and gather about suburban 
dwe wherever food is offered to them. 

North America, the best known and 
mos »ved titmice are the chickadees. 
Chi es are dull grayish birds, lighter 
bek ith conspicuous black crowns and 
thre itches. Although they differ slightly, 
all pecies can be easily distinguished as 
chic lees. 

» songs and call-notes of the dif- 
fere pecies vary considerably, but all 
hav family likeness. The call of the 
common species gives the name to the fam- 
ily t is a clearly enunciated “chick-a- 
dee “chick-a-dee-dee-dee.” In other 
spe he call is less clear, more highly 
pite or more nasal. In addition to this 
not e chickadee has a song of two or 
thre histled notes resembling the sylla- 
bles “phe-be” or “phe-be-be” so exactly 
that amateur bird students are often led to 
believe that it is a phoebe calling. When 
flying through the woods, the chickadees 


have a variety of conversational notes that 
are rather difficult to describe. They also 
utter a hissing sound when protecting their 
eggs or their young against intruders. 

Chickadees are friendly, inquisitive 
birds, and it is not only at the winter feeding 
stations that they become tame. They are 
always ready to answer an imitation of their 
“phe-be” call and will greet the person ut- 
tering the call. They will perch on the 
branches above the person’s head. Some- 
times they will even drop to the person $ 
shoulder or hover in front of his face in a 
vain effort to discover the whereabouts of 
the other “chickadee.” 


Michael Ord, Audubon/PR 


- ANa 
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neycreeper (Hemingnathus 
plumaged, Paa 
i nd in Hawaii. Middle: painted bunting 
essere ciris), a small, brightly colored North 
American bird related to the finches. Bottom: the 
cardinal (Cardinalis cardinalis), a brilliantly plum- 
aged, crested relative of the buntings, that is ane 
of the most familiar birds of the eastern Unite 


States. 


Top: the Hawaiian ho 
wilsoni), a beautifully 
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Western tanager (Piranga ludoviciana) of western 
North America. It winters as far south as Brazil. 


NUTHATCHES 


The nuthatches (family Sittidae) are 
largely confined to the Northern Hemi- 
sphere. There are about 70 species. 

The nuthatch is an acrobatic little 
inspector of the trunks and larger branches 
of trees. It climbs with equal facility wheth- 
er its head is upwards or downwards, de- 
vouring vast numbers of insects. In clinging 
to trees, it does not use its tail as a balanc- 
ing prop, but relies on its large, strong feet. 
These are of the ordinary perching type, 
but the toes and claws are much better de- 
veloped than in most other perching birds. 
In fact, the nuthatch has been known to 
sleep hanging head downward, clinging to 
the bark beneath a jutting limb. It isa lively 
little creature, always on the move. The 
“hatch” in its name comes from the Middle 
English hake, meaning “hack.” It refers to 
the fact that the bird wedges nuts or seeds 
into crevices in bark and then hacks away 
at them in order to get at the contents. 


TREECREEPERS 


Members of the family Certhiidae are 
weak flyers. Instead, they “creep” up and 
down tree trunks in search of insects. They 
have large feet. The tail feathers are strong 
and, when pressed against the tree, help to 
support the bird. The beak is slender, rather 
long, and curved — well adapted for probing 
into crevices in search of insects. 
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Baltimore, or northern, oriole (Icter jalbula), a 
well-known North American mem| the black- 
bird family. 

The only North Americ ecies is 
the brown creeper, Certhia fa ris. It is 
a slender bird about 14 centi s long. 
Its streaked brown back makes it resemble 
a bit of animated bark as it clim! vout the 
trunks of trees, using its stif ined tail 
feathers as a prop. The brown creeper has a 
slender, curved bill and dines « ich in- 
Sects and larvae as it can find e crev- 
ices of the bark. This bird’s song consists of 
a few weak notes, 

The largest creeper, Tih 14 MU- 
raria, is about 17 centimeters long. It lives 
in mountainous parts of Europe and Asia. 
Its plumage is dull gray, with black on the 
chest and throat, and patches ed on the 
wing that are visible when the bird is flying. 


There are six species of Australian 
treecreepers, which are similar to other 
treecreepers but do not have strong, rigid 
tail feathers. They are placed in the family 
Climacteridae. 


SUNBIRDS 


Sunbirds are very small, very brilliant- 
ly colored birds comprising the family Nec- 
tariniidae. The family name comes from 
these birds’ eating habits. The birds have 
long, slender bills that are curved downward 
in many species. The tongue is partly tubu- 
lar. These two adaptations help the bird 
reach into flowers to gather nectar and in- 
sects. } 

Sunbirds are distributed from Africa 


Stephen Dalton, Audubon/PR 


Goldiinch (Carduelis carduelis) of western Asia, 
Eur¢ and northern Africa, feeding its young. < 
and the Middle East across Asia to New 
Gu ı and Australia. The greatest variety 
is fe l in Africa. These birds live in many 
different habitats, from mountains to coast- 
al lands, from tropical forests and swamps 
to grasslands and semidesert areas. Some 
are common near human abodes. 

p he males of most species have metal- 
lic-colored plumage on the back and breast 


and nonmetallic belly plumage. The colors 
are bright greens, purples, and bronzes. 
The “emale plumage is usually dull shades 
of olive or brown. 


BUNTINGS 


he buntings make up the family Em- 
berizidae. They are closely related to the 
finches. Buntings are found throughout the 
world. They are generally ground birds, and 
are more common in grasslands than in for- 
ests. The bills are short and cone-shaped, 
and adapted to a diet largely composed of 
seeds. The tail is often rather long. 

In North America, many buntings are 
commonly called sparrows or finches. 
“True” sparrows and finches, however, are 
members of other families (Fringillidae, 
Ploceidae). Among the best-known bunt- 
ings of the Americas are the grosbeaks and 
the cardinals. 4 

The cardinal of the eastern United 
States, Cardinalis cardinalis, may be more 
than 23 centimeters long, with a tail of up to 
12 centimeters in length. The male is scar- 


Walter E. Harvey, Avdubon/PR 


House finch (Carpodacus mexicana), a sparrowlike 
bird native to western North America but now es- 
tablished throughout much of the continent. 


let, except for black around the stout, red 
bill. The female is brownish, with some red 
in the plumage and a red bill. Both sexes 
have conspicuous crests. 


TANAGERS 


The brightly colored tanagers are New 
World birds. Most of the more than 200 
species of the family, Thraupidae, are con- 
fined to South and Central America. The 
greatest number live in tropical areas. 

These are stout little woodland birds, 
The tail is shorter than the wings, and the 
heavy bill has a large, naked nostril. The 
males are the brilliant members of the fami- 
ly, having much red, green, yellow, blue, and 
black in their plumage. The females have a 
subdued yellowish-green plumage. This 
blends with the leaves of the tree tops 
where they nest and feed. Males may as- 
sume a quieter garb in the late summer. 

Tanagers generally have wheezy or 
squeaky voices. The scarlet tanager of 
North America has perhaps the most pleas- 
ant song of the family. It sounds much like 
a hoarse robin giving a hurried perfor- 
mance. These birds live on insects and 
fruits. Most of them are 17 to 18 centime- 
ters long. 

The scarlet tanager, Piranga olivacea, 
is the most familiar North Ame ican mem- 
ber of the Thraupidae. In the summer the 
male is bright scarlet and has a black tail 
and wings. In winter these change to olive 
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Top: red-eyed vireo (Vireo olivaceus), one of the 
most common North American forest birds. It is 
widely known for its intermittent song. Middle: spot- 
ted breasted oriole (Icterus pectoralis), a beautiful- 
ly colored and beautifully voiced oriole native from 
Mexico to Costa Rica. Here it is shown with its 
young in nest. Bottom: yellowhammer (Emberiza 
citrinella), a European bunting having the same 
habitat and habits as New World sparrows. 
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green. The female is olive green throughout 
the year. The scarlet tanager spends sum- 


mers in the woodlands and orchards of the 
eastern United States and Can It win- 
ters in South America. 

WOOD WARBLERS 

The American wood w rs offer a 
challenge to anyone seeking t irn about 
them. Almost all warblers are ed alike. 
They are smaller than sparrov hard to 
notice. 

The wood warblers for e family 
Parulidae, the second large imily of 
American birds, after the finc Warblers 
have thin bills and attractive ge with 
pleasing color patterns. Yello e domi- 
nant color, combined with kings of 
white, black, chestnut, olive gre or gray- 
blue. The female’s feathers enerally 
drabber than the male’s. Y our ds often 
have different colors. 

Many warblers dwell in trees of 


parks, gardens, and forests e they 
hunt insects. Others inhabit | es and 
bushes. Still others live on th und, on 
the shores of streams or ponds 

Except for the myrtle warbler, most 


northern species head south for winter. 
Many fly from the northern Ut States 
and southern Canada to the southern 
United States. Other warblers winter in 


Mexico, Central America, the West Indies, 
or South America. 

The warblers travel mainly at night in 
their southern migrations, though they ¢ 
tinue their journey slowly during tł 
feeding as they go. They make long flights 
across bodies of water, occasionally by day 
but much more often by night. 

The wide variety of plumage and of 
feeding and nesting habits among the war- 
blers is probably the result of a relatively 
recent evolution. The woodlands and for- 
ests contain so many species of warblers 
that competition would be extremely se- 
vere if each species had not adapted itself 
toa slightly different manner of life. 

Though almost all the warblers are 
alike in feeding on insects, they differ in the 
manner of catching them. Some snap them 
up in flight, while others glean them from 


the bark of trees. Some snatch insects up as 
they flit along the ground. Others search 
them out of the debris on the forest floor. 


This insect diet is often supplemented with 
other foods, including the juice of various 
fruits and aquatic organisms. 

nfortunately, the name warbler is a 
m mer for most of these birds. Their 
ordinary calls are shrill, unmusical, wheezy 


sc s, such as the ovenbird’s teacher- 


té r, the myrtle’s tchep-tchep, the 
b >oll’s rising east-east-east-east, and 
the sewing-machine trill of the worm-eating 
W er. A few, though, have songs of sub- 
tle beauty, such as the Swainson’s clear, 
ri vhistle, the Nashville’s eight full- 
ve { notes and rolling twitter, and the 
myrtle’s “sleigh bell” trill. 

he trees of the warblers’ forest home 
ar constant danger from leaf-eating in- 
secis and caterpillars. It is indeed fortunate 
th ey fall prey so often to insect-eating 
bi uch as the warblers. 
Vi )S 

ireo is a Latin word meaning “I am 
green.” Green is the basic color of the birds 
called the vireos (Vireonidae). It is com- 
bi with gray and yellow in attractive 
combinations. The vireos often travel in the 
ce iny of warblers. They can be distin- 
guished from the warblers by their softer 


co combinations, slightly larger size, 
proportionately larger heads, and heavier 
bills. Their movements are much more de- 
liberate than those of the nervous little 
warblers. Even their song is more unhur- 
ried. The vireo sings from dawn to dusk. It 
even sings after the exhausting molting 
season has caused other birds to cease. 
The vireos form an exclusively Ameri- 
can family containing about 40 species. 
They are, with few exceptions, arboreal 
birds frequenting shade trees of city streets, 
brush, and woodlands. Vireos feed greedily 
on insects and insect larvae. In the fall, ber- 
ries are added to the diet. 

These birds are found from sea level to 
3,000 meters. Very few species breed in 
South America. Most breed in the cold 
parts of the Northern Hemisphere and then 
migrate to the tropics in the winter. 


Dick Hanely, Audubon/PR 
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owerbird (Ptilonorhynchus viola- 

f eastern Australia Bowerbirds are archi- 
aia aad artists. They build complex bowers and 
decorate them, often using tools Middle: male 
house sparrow (Passer domesticus), a wan RS 
widely distributed throughout Europe and North 
America and also known for its building abilities. 
Bottom: song sparrow (Melospiza melodia), a well- 


known North American finch. 


Top: male satin b 
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Top: common mynah (Acridotheres tristis) of 
southeastern Asia, a member of the starling family. 
Lower: Eurasian, or common, jay (Garrulus glan- 
darius), a brownish bird with vivid barring on the 
wing coverts. It is shown here with its young on the 
nest. 


One of North America’s most common 
forest birds is the red-eyed vireo, Vireo oli- 
vaceus. Its intermittent song is heard wher- 
ever there are trees in any number. It is 
olive-green above, white below, and has a 
slate-gray cap bordered on either side with 
black. There is a white line over the eye, 
which is red in the adult and brown in the 
young. 


AMERICAN BLACKBIRDS AND THEIR 
RELATIVES 


The varied family Icteridae is found 
only in the Americas. Included in this 
group are blackbirds, bobolinks, cowbirds, 
grackles, meadowlarks, and orioles. There 
are about 95 species. The majority are trop- 
ical birds. This family includes birds of 
widely differing habits. 
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All these birds have stout bills with ex- 
posed nostrils, strong perching feet, 
pointed wings, and tails of 12 feathers, the 
tips of which are square or rounded — never 
forked. Black is usually prominent. 

The Icteridae eat seeds, insects, and 
fruits. During the summer, when their diet 
is principally composed of insects, they are 
very valuable birds. In the fall, however, 
many species of blackbirds assemble in 
large flocks and often do considerable dam- 
age to grain fields. This family has the dubi- 
ous distinction of containing the only Amer- 
ican parasitic bird species, the cowbird. 
It lays eggs in nests of other species. 

The red-winged blackbird, Angelaius 
phoeniceus, is about 25 centimeters long. 
The female is streaked gray and black like 
a large sparrow, but the male is glistening 
black with red epaulets. This bird summers 
in cattail marshes of eastern North Amer- 
ica and flies south for the winte: 


Grackles may attain lengths of 40 cen- 
timeters or more, and are particularly large 
blackbirds. Most have a metallic bronze 


and dark purple sheen to the plumage. The 
tail is shaped like the keel of a boat. The 
grackle walks jerkily over lawns, “convers- 
ing” in its harsh, squeaky voice 

The bobolink, Dolichonyx oryzivorus, 
is a valuable field bird with ground-nesting 
habits. The male is black with buffy or yel- 
lowish-white markings, while the female is 
streaked brown. Its joyous song is most de- 
lightful to hear. Rice growers in the south- 
ern regions of the United States dislike the 
bird because it feasts on the growing rice. 

There are about 40 species of orioles, 
distributed through temperate and tropical 
America. (The Old World orioles belong to 
another family—the Oriolidae.) They are 
not great singers but have sweet whistling 
calls. The males are quite grand in their 
orange, chestnut, yellow, and black plum- 
age. Orioles devour great numbers of de- 
structive insects. 

A well-known oriole is the Baltimore, 
or northern, oriole, Icterus galbula, SO 
named because the orange and black colors 
of the male resemble the colors on the coat 
of arms of the British House of Baltimore. 
The bird summers throughout eastern 


Nort!) America and winters from Mexico 
south to Colombia. The adults are about 20 
centimeters long. 


THE FINCH FAMILY 


Xe large finch family, Fringillidae, has 
representatives all over the world, except 
for ne Pacific islands and Antarctica. 
But they are most abundant in the Northern 
Hem sphere. They range in length from 10 


to 2. centimeters. Among their distinguish- 
ing © saracteristics are a thick-based, coni- 
cal and the presence of only nine pri- 
mary {light feathers. These birds feed most- 
ly o> seeds but they also eat other plant 
matier and some insects. They build open, 
cup shaped nests. 


any members of the Fringillidae are 
con only called sparrows. (Other birds 


tha! are called sparrows belong to the 
wes er family, Ploceidae.) 

he typical sparrows are rather dull- 
colored, brown and gray birds, usually 
hes ly streaked to blend in with the pat- 
tern of the grasses, for the majority of them 


are terrestrial birds. Others, such as the 
gol. ‘inches, are dressed in striking colors. 

Many species have beautiful songs and 
are well known as cage birds—the canary 
and European bullfinch are examples. 

Sparrows adapt themselves readily to 
their environment. They are hardy birds, 
with many species not migrating at all. An 
excess of light and aridity tends to make 
them pale in color. They are darker if there 
is excessive humidity and shade. 


WEAVERS 


The 300 species in the family Plocei- 
dae resemble the Fringillidae but have ten 
primary flight feathers and build dome- 
shaped nests. These are Old World birds, 
though some species have been introduced 
into the Americas. The Old World spar- 
rows belong to this family. 

The English, or house, sparrow, Pas- 
ser domesticus, is well known around the 
world. In some countries many people con- 
sider that this pugnacious, hardy little bird 
has become too well naturalized, since it 
has displaced several native species. After 
a few house sparrows were brought to the 


East coast of the United States, it took less 
than 30 years for the species to spread 
across the continent to the Pacific coast, 

The house sparrow is about 14 centi- 
meters long. The male adult has a dark gray 
crown, chestnut neck, black throat, and 
whitish cheeks. His back is brown and he 
has a grayish white belly. The females and 
young males have duller plumage. They are 
brown above and whitish below. This bird 
is noisy—it “cheeps’” a lot. 


STARLINGS 


Until 1890 there were no starlings in 
North America. At that time, 60 common 
starlings, Sturnus vulgaris, were released in 
New York City; 40 more were released in 
1891. From these 100 birds have descend- 
ed all those that now swarm over most of 
North America. 

There are about 60 species of star- 
lings —family Sturnidae —native to Europe, 
Asia, and Africa. As with the house, or 
English, sparrow, America was warned 
against the starling by European ornitholo- 
gists. The warning came too late. 

It is true that studies of the starlings’ 
food throughout the year show that eco- 
nomically they do much good. But this 
domineering bird replaces much more valu- 
able birds, such as blackbirds, swallows, 
and flickers, by driving them away from 
their nesting sites and feeding grounds. 
Since starlings withstand northern winters, 
they appropriate the best nesting and feed- 
ing sites before migratory birds return. 

After the nesting season, starlings 
gather in enormous flocks, whereupon they 
either roost with the blackbirds in the 
marshes or gather about steeples or cupo- 
Jas. Before retiring and upon arising, the en- 
tire flock performs a series of aerial maneu- 
yers with all the precision of trained sol- 
diers. In the air, starlings can be recognized 
by their strong, direct flight, their pointed 
wings, and square tails. On the ground they 
walk like blackbirds but have longer bills, 
which are yellow during the nesting season. 
Their much shorter tails are quite distinc- 
tive. During the fall and winter their irides- 
cent black feathers are spotted with buff, 
but this wears off as spring approaches. 
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BIRDS OF PARADISE 


These birds, which make up the family 
Paradisaeidae, are famous for the beautiful 
colors of their plumage and for the elegant, 
filmy feathers that are displayed by the 
males during courtship. In some species, 
males and females have similar coloring. 
In others, the female is a drab brown. 

Birds of paradise live in the forests of 
New Guinea and nearby islands. A few 
species are found in the Moluccas and 
northern Australia. These birds are primar- 
ily fruit eaters but will also eat insects, 
frogs, lizards, and other small animals. 

The birds of paradise may reach 
lengths of 45 centimeters. The largest spe- 
cies is the great bird of paradise, Paradisea 
apoda. The male has a yellow head, green 
throat, and metallic yellow plumes project- 
ing from the sides of his body. 


THE CROW FAMILY 


The crows, jays, ravens, magpies, jack- 
daws, rooks, and choughs make up a sin- 
gle family —that of the Corvidae. There are 
over 400 species and subspecies of Corvi- 
dae. They are found all over the world ex- 
cept in New Zealand. All of them make in- 
teresting but mischievous pets and can of- 
ten be taught to articulate a few words. In 
their natural state, they are disliked by 
farmers and feared by other birds. 

All members of the family have stout, 
heavy bills with thick tufts of bristles at the 
base, concealing the nostrils. They have 
strong legs and toes, which are adapted for 
walking and perching, and strong, rounded 
wings. The American crows and ravens are 
uniformly black with metallic reflections, 
The jays and Magpies are brilliantly col- 
ored; blues, greens, blacks, and whites pre- 
dominate. The crows and ravens have short, 
Square tails. Jays and magpies have tails 
that are long and tapered. 

Corvidae eat nearly everything — in- 
Sects, fruit, grain, nuts, crustaceans, fish, 
and the eggs and young of other birds. 
Whatever is most easily procured always 
Suits the taste of crows and jays. Conse- 
quently they are often of considerable value 
during insect outbreaks, because they then 
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feed on insect pests to the ex: ision of 
nearly everything else. However, when 
grain or eggs are more readily available 
than other foods, these birds do consider. 
able damage. Their food habits make it pos- 


sible for many to winter in north climes, 


Jays. These are noisy wo nd birds, 
They bully smaller birds and rob their 
nests. These mischievous creatures also 
delight in mobbing a sleepy ow following 
and tormenting a dog, cat, or fox. or mim- 
icking a hawk—to the consternation of 
smaller birds. Jays store up grains and 
seeds for winter use and so are ir portant 
factors in the natural dispersal of nut, oak, 
and fruit trees. 

Jays nest early in the spring and build 
bulky nests of twigs lined with fine grass 
and feathers. They lay four ive eggs, 
mottled with gray and brow; th male 
and female take part in buildine the nest 
and feeding the young. Thes ds are 
pugnacious when their nest is d rbed. 

The plumage of many jays includes 
blue. Some species are exceptionally col- 
ored. An example is the green Cyano- 
corax yncas, which ranges from ie south- 
ern United States to Peru. Its back is green, 
its belly and outer tail feathers \ w, and 
it has a blue crest. 

Crows. Crows are much more destruc- 
tive than jays. In addition to thi: ing, egg- 
destroying habits, they are larger and bolder 
than jays. They often come into the poultry 
yard after young chickens and eggs and they 
regularly feed on corn and other grain fields. 


It must be said in their favor that they also 
destroy large numbers of harmful insects. 

Ravens. Several large, dark crows of 
the genus Corvus are known as ravens. 
These birds, found throughout the North- 
ern Hemisphere, have been immortalized 
by many famous writers. They are intelli- 
gent animals and make good pets, J 

The common raven, Corvus corax, is 
about 63 centimeters long. Its plumage is 
sable brown. It feeds on the ground and will 
eat a variety of foods: fruits, small birds and 
mammals, and carrion. It inhabits forests 
and wilder areas. With the spread of human 
habitation, ravens have been replaced by 
crows in many areas. 


(0) /ing birds can be fun 
a nformative. Here are 
tv iejays feeding at a sta- 
ti at anyone can make at 
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BIRD OBSERVATION 


by Robert W. Howe 


irds are among the most familiar ani- 
I of our environment, and through the 
y people have observed their activi- 
ti vith keen interest. Bird observation 
n begin in one’s backyard and may re- 
S | rewarding experiences. You will find 
it inating, for example, to watch a robin 
t ng at a worm in the soil and then flying 


( th its prize to the nest in order to feed 
i oung. Listening intently on a summer 
d you may be able to hear the mocking- 


t often including in its song the calls of 
v us local birds. Later, strolling in a 
meadow or in the woods, you will add 
greatly to your bird-watching experiences. 
Your observations need not end with the 

ing of winter. You will be able to note 
many different types of bird behavior at 
feeding stations set up for birds. 

A few hours spent in learning how to 
observe, where to observe, and how to at- 
tract birds will greatly increase your en- 
joyment. In this article, you will find var- 
ious suggestions to help you become a more 
skillful observer. 


PREPARING FOR OBSERVATION 


By way of preparation, you should ob- 
tain a good illustrated pocket field guide, 


a 


which will identify the common birds in 
your area. 

Another helpful source of information 
is a local bird list. Such a list can usually be 
obtained from a local naturalist organiza- 
tion or from an ornithologist at a college or 
university in your state. 

Using the field guide and the local bird 
list, you should be able to identify the com- 
mon birds in your area. Among the useful 
characteristics which will help you distin- 
guish one bird from another are size, color, 
markings, and shape. By carefully noting 
such features, you will be able to identify 
birds more readily. Is the bird you are ob- 
serving as large as a crow or as small as a 
sparrow? Is it predominantly red, yellow, or 
blue? Does it have markings on its wings, 
breast, or tail? Does it have a stocky body 
or a slender body? 

Experienced bird watchers find a field 
notebook and field glasses extremely valu- 
able. In your notebook, you should set 
down the names of birds, the locations 
where they were observed, the dates of the 
observations, and the weather at the time 
the observations were made. These data 
will provide clues for future observations, 
Field glasses make it possible to see birds 
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ONE SIDE OF ROOF IS HINGED 


TO PERMIT FILLING AND 
CLEANING OF HOPPER 


SUET IN WIRE CONTAINER 


A hopper-type feeder. The roof of the feeder is hinged and the 


from the top. 


which are too far away to be made out 
clearly with the naked eye. Many observ- 
ers have found six-power or seven-pow- 
er binoculars to be a good selection. Glass- 
es with six-power magnification would 
make a bird appear to be six times larger 
than if observed with the naked eye. 


FIELD OBSERVATION 


Many birds can be observed only if 
you go to the locations where they live. 
Woods, fields, marshes, and swamps will 
provide observations of many different 
species. 

By adopting the following procedures, 
you will be able to see and hear more birds. 
Plan your hike for the early morning — 4:30 
to 5:00 A.M., or as soon as it is light —or 
late afternoon. Birds are usually most ac- 
tive during these hours. You should wear 
clothes that are not bright and that will 
blend with the landscape. However, you 
should not be in the field in such clothing 
during hunting seasons. Be sure to take 
your field guide, notebook, and pencil and 
also your field glasses, if you have a pair. 

Plan your observations so that you will 
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ING FOR SEED 
CH SIDE 


A 


ON EACH 


DOWEL PE 


SIDE AND (OPTIONAL) 

upplied 
have the sun behind you as m as pos- 
sible. You should observe wł walking 
west in the early morning and in the 
late afternoon. Walk as slow!) quietly 
as possible through the area you are in- 
vestigating. Stop occasionally. Animals that 
might sound an alarm at your presence and 


cause birds to fly off will not be disturbed 
if you observe quietly. 


Often you will be able to hear a bird 
singing even though you will not be able 
to see the bird itself. If you learn the com- 


mon birdsongs, you will be more aware of 
what birds are present in a given area. With 
a little practice, you will be able to attract 
birds by whistling their songs, or by pro- 
ducing a squeaking sound as you blow 
against the back of your hand. A 
Different birds will be found in dif- 
ferent areas and also on different types of 
plant life. In planning observations, con- 
sider the location, vegetation, and season. 
If you live near a forest, you will find 
several good areas for observation. This 
forest may be made up of deciduous trees, 
such as beech and maple, which lose their 
leaves each winter, or else of evergreen 


A rd at a feeding sta- 
tic is easily constructed 
st re is set at the top of 


such as the many species of pine, 
h retain their needles. The edge of such 
É \dland will usually contain more birds 
t the interior. Openings in the forest— 
glades — will also provide good observation 
places. Birds common to forest edges 
t 


and glades include woodpeckers, crows, 
rushes, vireos, robins, titmice, warblers, 
d sparrows. 

Areas where logging operations have 
taken place often become covered with 
brush and young saplings. Cardinals, chats, 
sparrows, goldfinches, warblers, and cat- 
birds are often seen in these areas. Where 
woods give place to open fields or mead- 
ows, you will find other birds, including 
meadowlarks, various sparrows, black- 
birds, and doves. Still other types of birds 
will be seen in places such as marshes, 
lakes, seacoasts, or deserts. 

In towns and cities, pal 
teries provide excellent areas for observ- 
ing. A great variety of birds can usually be 
seen in places where natural woodlands and 
planted areas are combined. à 

The season of the year will have an 1m- 
portant bearing on the kinds of birds you 


ks and ceme- 


will observe. Spring and early summer gen- 
erally offer the greatest variety. There is 
usually the least variety in the winter. The 
observer who wants to see the greatest 
possible number of birds will plan trips 
throughout the year. 


ATTRACTING BIRDS 


Many people like to observe birds that 
they are able to attract. You can attract 
birds by providing them with food, shelter, 
and water. If you maintain feeding sta- 
tions or set out plants that will supply nat- 
ural foods, you can have bird visitors 
throughout the year. 

Food should be provided in the early 
spring, late fall, and throughout the winter 
if close observations are desired. If you be- 
gin feeding birds in the fall, be sure to con- 
tinue the practice throughout the winter 
months. If you were to stop, many birds 
which had come to depend on you for their 
food might die. 

You will be able to attract seedeaters 
such as juncos and sparrows, insect eaters 
such as woodpeckers and warblers, and 
also birds, including blue jays and chicka- 
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dees, that eat both seeds and insects. While 
some of the insect eaters will eat seeds in 
the winter, their special needs should be 
considered. 

Three bird-feeding techniques have 
been found to be successful in many areas. 
An easy way to feed a number of birds is 
to use a food hopper, such as the one shown 
on page 444. It can be suspended from a 
tree, from the eaves of a house or garage or 
from an archway. Several hoppers can be 
used effectively in one yard. Mixed seed 
for your hopper can be purchased at many 
garden stores. Suet, which will attract a 
number of the insect eaters, usually can be 
purchased from a meat market or garden 
store. 

Shelf feeders are also very popular. 
They can be attached to a windowsill, 
placed on a pole, or set on a box. A typical 
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W.A. Schwarz 

shelf feeder may be attached te indow- 

sill. A box shelf of this type can easily be 

constructed from an old apple box or from 

similar materials. The shelf should be large 

enough to accommodate several birds and 

contain a variety of foods. It should be set 


in a place where it will be readily visible. A 
variety of seeds, suet, and smal! pieces of 
fruit can be set out. It would also be helpful 
to include some fine sand or other gritty 
substance. If you live in an apartment 
house, setting up a shelf feeder is an ex- 
cellent way to attract birds. You should be 
sure, naturally, that your shelf is secure. 

A third feeding technique is to attach 
food to trees. Suet can be placed in a 
screened container, which is fastened to a 
tree trunk. Peanut butter can be spread on 
either a trunk or a branch. 

Birds will often be attracted to natural 


nesting sites in your vicinity if you make 


nes materials available to them. These 
materials might include cotton yarn, nar- 
row strips of cotton flannel, feathers, wool, 
hor uir, twigs, and straw. They should be 
sel in the spring. They can be placed in 
ar sotato or onion sack. You will have 
mi hours of enjoyment watching birds 
obtaining this nesting material and taking it 
to r nests. 

u can supplement natural nesting 
pl by supplying suitable nesting quar- 
te uch as those shown on page 448. 
T can be used to attract a variety of 
bi including woodpeckers, chickadees, 
hi wrens, bluebirds, purple martins, 


fl s. house finches, house sparrows, 
re and swallows. 

faterials for constructing a nesting 
b hould be dull-colored or weathered 
boards, rustic cedar, or wood with bark still 
attached. The box should be at least 13 
c neters by 13 centimeters by 20 centi- 
n s in size. It should be somewhat larg- 
€ you want to attract the bigger birds. 
The entrance should be about five to eight 


c meters from the top of the box. Anen- 
t e of about three centimeters In diame- 
t ill be large enough for small birds, such 


ouse wrens. For larger birds, such as 
ers and purple martins, an opening of 
sast nine centimeters is needed. A drain- 
and ventilation hole, about one-half of 
ı centimeter in diameter, should be pro- 
vided in each corner of the floor. An exit 
at should be placed outside the entrance. 
should be placed at least eight to ten 
meters apart. Each box should be set 1m 
open sunlight or bright shade, about five 
to fifteen meters above the ground. 

Birds need water during all seasons of 
the year. When the temperature IS above 
freezing, water may be provided in a bird- 
bath or a simple pan. Another way to SUP- 
ply water is by dripping water into a pan. 
The dripping and splashing of the water 
will aid in attracting birds. | 

When the temperature IS below freez- 
ing, water can be provided for the birds 
by a heated bath. The heat from the electric 
bulb will keep the water from freezing pa 
less the temperature is extremely low. 


light can be connected to an inside or out- 
side electrical outlet. For your outside cord 
be sure to use heavy-duty wire, designed 
for exterior use. 

You can provide natural food, shelter, 
and nesting materials for birds by planting 
selected shrubs and trees. It is important 
to choose a combination of plants that will 
give food and shelter throughout the year. 
Flowering dogwoods, American and En- 
glish hawthorns, various evergreens (juni- 
pers, pines, and cedars), and cherry trees 
are examples of plants that would provide 
for the needs of many birds. Suggestions 
for planting in your area can be obtained 
from a local plant nursery. There you will 
receive advice concerning selections of 
early and late fruiting species to provide 
food for a large portion of the year. You 
will also learn what kinds of shrubs and 
trees not to plant. These include barber- 
ries and certain types of currants, which 
are links in various plant diseases. 


INTERESTING ACTIVITIES 


As you attract birds to your home or 
as you observe them in the field, you will 
be able to investigate many interesting 
physical characteristics and behavior pat- 
terns. There are various observational tech- 
niques. The most common method is to 
observe with binoculars and to record in 
a notebook your observations concerning 


ial foods for birds are not always necessary 


Speci 

ae feeding station. Here, a starling is attracted to 

peanut butter spread ona branch 
W.A. Schwarz 
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different types of birds and their behavior, 
Many bird watchers take still photographs 
with black-and-white or color film. Color 
film provides more data for future study. 
Also, your color transparencies and prints 
will be a constant source of viewing plea- 
sure. Thirty-five-millimeter cameras are 
particularly useful for photographing birds. 
When equipped with a telescopic lens they 
are remarkably versatile. Motion-picture 
photography is excellent for the Study of 
bird behavior. 

Two other techniques that have been 
used with success are tape recordings of 
birdsongs and time-lapse photography of 
nesting sites. A microphone for a tape re- 
corder which operates on 110-120 volts 
can easily be attached outside a window. 
Battery-operated tape recorders will serve 
effectively in the field. Time-lapse photog- 
raphy can be used at open nest sites. The 
resulting pictures are often extremely re- 
warding. The technique, however, requires 
adequate equipment and planning and it is 
not recommended for beginners. 

Many bird watchers develop particu- 
lar interests. Some concern themselves es- 
pecially with birdsongs. Others are con- 
cerned with bird coloration. Still others are 
interested in the social habits of birds. As 
you increase your observations, you will 
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develop your own interests. B vy of in- 

troduction to the field, here are some activ- 

ities that have proved fascinat many 

people. 

Daily cycles. Most birds ter ) awake 
during certain hours and they í w more 
or less regular cycles of actis hrough- 
out the day. The robin is gene: in early 
riser in most areas, while bl: ys and 
crows normally do not begin the day’s ac- 
tivities until later. Robins sing before feed- 
ing. Other birds may feed before nging or 


feed while singing. Activities of most birds 
decrease during the later morning hours 
and usually are at a minimum during early 
afternoon. They again increase during the 
late afternoon. Some birds are extremely 
active during the later part of the day. i 

Which birds in your area are early ris- 
ers? Which ones are late risers? When are 
particular birds most active? Do the daily 
cycles of birds change from one season to 
the next? If they do, can you think of pos- 
sible reasons for such changes? 

Feeding habits. To investigate the feed- 
ing activities of certain birds, it is best to 
observe in the field. You will note that 
woodpeckers drill into trees with their 
beaks in search of grubs, hibernating in- 
sects, and insect eggs. Other birds, such 
as chickadees and nuthatches, probe the 


cre 


ins 


c 
r 

h 
be 
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nities to observe territorial 


sh 


Male birds usually arrive 


an 


singing or display, and defe 
tories. During the spring, 


rds sing more in some m 
others? Do males sing more t 


vices of bark for eggs and hibernating 
is. Flycatchers, swallows, and night- 
seek out insects in flight. You will 

oo, that many birds feed mainly on 
Bird diets may also include fruit, 
inimals or dead animals, and refuse. 
hat does the English sparrow feed? 
yarn owl? The kingfisher? The sea 


ertain types of observations are more 
ve at bird feeding stations. You 
for example, want to investigate the 
of seeds that different birds prefer. 
will be able to carry out this investi- 
} at your own bird feeder. Count out 
f each of three types of seeds. You 
select from the following: white mil- 
»uckwheat, cracked corn, and sun- 
r. Mix the seeds and place them in 
ird feeder. After a specific species of 
has been at the feeder, count the num- 
if seeds of each type that remain. Use 
ame procedure for several species of 
By analyzing the information you col- 
n this way, you can determine the seed 
‘rences of various types of birds. You 
ise this information in buying the par- 
ir seed mixture preferred by the birds 
you wish to attract. You can carry out 
lar investigations using suet, broken 
biscuits, and bits of raisins, oranges, 
bananas. f 
Birdsongs. Birdsongs have long in- 
ied people. Investigations have re- 


ealed that birds have specific songs for 


erent purposes. By using either a stan- 
d or a portable tape recorder, you can 
ord birdsongs for later study. Once you 


\ave learned the songs of a certain num- 


of bird types, you can investigate var- 
is factors related to their singing. Do 
onths than in 
han females? 


this related to courtship and nesting? 
Social behavior. Observations in the 
ring present many interesting opportu- 
defense, court- 
ip behavior, and nesting habits of birds. 
first in the spring, 
h considerable 
nd their terri- 
try to observe 


nounce their arrival wit 


the male birds. Are they conspicuous? Do 
you find several males together or are the 
males observed singly? Note the different 
types of courtship patterns and nesting 
activities. 

Flocking by many species may be ob- 
served in the late summer and early fall. 
Starlings, grackles, and purple martins of- 
ten form such groupings after breeding. 
Swallows, sparrows, and some other birds 
may also flock. Groupings may be observed 
among resident birds throughout the win- 
ter. How many birds are there in a flock? 
Is the behavior of the males toward each 
other in the flocking period similar to their 
behavior toward each other in the spring? 

If you observe birds at your bird feed- 
er, you will probably be able to note the 
so-called pecking order, in which certain 
birds dominate others. The dominant birds 
establish their position by fighting with 
other birds in the flock or group, and then 
they may peck a bird of a lower order with- 
out being pecked back. The dominant bird 
may exert its rights when feeding or drink- 
ing. At your bird feeding station, you 
should be able to observe the pecking order 
in a particular flock or feeding group. Can 
you identify a dominant bird in the group? 
A submissive bird? If a group of birds 


A wren and its prey perched outside a wooden 
wren house. 
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IN TOP OF BOX 


WOODEN BOX LINED 
WITH ALUMINUM FOIL 


This type of bird bath can provide water to birds 
even during the winter. The water is kept from 
freezing by the heat froma lightbulb. 


gathers at your feeder over an extended 
period of time, try to identify any changes 
that may happen to take place in the rela- 
tionships of the birds. 

Flight patterns. There are many dif- 
ferent flight patterns among birds, but 
three general kinds of flight may be rec- 
ognized. These are gliding flight, flapping 
flight, and soaring. 

Gliding flight is typical of ducks over 
water and swallows in the air. Nearly all 
birds engage in flapping flight at some time 
or other, though there are many variations. 
Thus hummingbirds have a much differ- 
ent flapping flight from that of robins or 
sparrows, Soaring utilizes air currents and 
updrafts, so that flapping flight is not neces- 
sary for a considerable period at a time. 
Soaring may be observed in birds, such as 
hawks and gulls, with a large area of tail 
and wing surface compared to body sur- 
face. 

Can you observe the three flight pat- 
terns in the birds you see? Which techni- 
que do they use when they come in to 
land? How do flight patterns vary for the 
different birds you observe? 
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For bird baths that will operate only n weath- 
er, water from a perforated can trict town into 
areceiving pan. 

Color changes in birds. Many people 
use bird coloration as an aid ntifica- 
tion. One factor to consider hether or 
not a given bird has reach maturity. 
Many birds become mature only after two 
or three years. Before maturity they differ 
from the mature bird in colo: ou ob- 
serve the several differences joration 
that exist between a mature robin and a 
young robin? 

Birds also renew their coloring by 
shedding and replacing old feathers. This 
process is known as molting | it com- 
monly takes place in nearly all b in the 
late summer after nesting. Some birds also 


molt, in various degrees, in the spring be- 
fore the breeding season. Hence a bird may 
present a different appearance at different 
times of the year. 

Observe specific birds in the late fall 
or winter. How does their color at this 
time differ from their color in spring and 
summer? If there are any American gold- 
finches in your vicinity, you will note that 
they undergo a remarkable seasonal 
change. ' 

Structural similarities and differences in 
birds. There are many structural similari- 
ties and differences in birds. Bills, feet, and 
legs are relatively easy to investigate and 
to relate to bird behavior. 


ANIMAL BEHAVIOR 


by M. A. Freiberg and J. A. Rozé 


\n opossum closes its eyes and lies 
ve till. A chameleon suddenly changes 
its color. A chimpanzee punches keys on a 
computer. 

ll are startling and fascinating obser- 


vations of animal behavior. Is the opossum 
de How can an animal change its body 
color? Is there such a thing as an intelligent 
chimpanzee? 

The observation of how animals be- 
have is probably one of the oldest sciences. 


Indeed, the survival of early peoples de- 
pended to a large extent on their observa- 


ti of animals. They needed animals for 
f for clothing, and for shelter. And they 
had to protect themselves from attacking 


a nals. 
Today, people are becoming more 
and more aware that they must live in har- 
mony with all forms of life and with their 
natural surroundings. For their own surviv- 
al and for the survival of many animals, 
human beings must prevent further destruc- 
tion of the environment. Many species of 
animals have already become extinct be- 
c e their environment has been changed. 
rhe passenger pigeon is an example. The 
feeding and migrating habits of the passen- 
ger pigeon were interfered with. It became 
extinct: the last individual—named Mar- 
tha —died in the Cincinnati Zoo in Ohio on 
Sept. 1, 1914. 

INSTINCT OR LEARNING? 


The study of animal behavior is called 
ethology. For many years this science has 
been divided into two main schools of 
thought—one stresses heredity, the other 
emphasizes learning. 

r Early in the venkel century some 
observers noticed that every Species, has 
definite ways of acting in certain gitdauionss 
Each species seems to have inherited a = 
tain way of acting. These ways are calle 
fixed action patterns. 


Ethology, the stu 
ior, is also the name most often use 


dy of animal behav- 
s d for the 


school of thought that stresses the impor- 
tance of heredity in animal behavior. One 
of the most important scientists in this field 
is the Austrian biologist Konrad Lorenz. 
Ethology is based largely on the idea 
that an animal must be observed in its natu- 


Many species of birds engage in complex courtship 
rituals. Top: male frigate bird proudly displays his 
bright red inflated throat pouch for a female 
Bottom: two albatrosses in their courtship ritual 


both photos, George Holton/PR 
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ral surroundings. A duck must be observed 
in a pond, a penguin in the Antarctic region, 
a camel in the desert. Only when an animal 
is in its natural surroundings, or habitat, can 
we see how that animal responds to its en- 
vironment. How does a duck act when it 
can no longer find food in its pond or when 
other ducks are put into the pond? Etholo- 
gists believe that the way an animal acts— 
its fixed action patterns —is as important a 
characteristic of the animal as its shape or 
how its body functions. 

Other scientists take a different ap- 
proach to the study of animal behavior. 
They stress the importance of learning in 
animal behavior. This school of thought is 
called behavioral psychology or compara- 
tive psychology. Behavioral psychologists 
explain how an animal learns to act in cer- 
tain situations in its environment. Like eth- 
Ologists, they aiso study animals in their 
natural environment but will also study 
them under laboratory conditions. 

The Russian physiologist Ivan Pavlov 
did much to further this way of thinking. In 
a famous series of experiments made early 
in the twentieth century, Pavlov rang a bell 
each time he put food out for dogs. After 
this process was repeated several times, the 
dogs began to connect the sound of the bell 
with food. Then whenever the bell sound- 
ed, the dogs expected food. In fact, they 
even salivated, waiting for food. The dogs 
continued this response to the sound of the 


The brightly striped lionfish has long, sharp spines 
with which it fends off enemies. 


Russ Kinne/PR 
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bell even after food was no longer offered, 
The dogs had developed a cx ned re- 
flex. The dogs had learned, condi- 
tioned into, a certain way of iving by 
the repetition of a certair ulus—the 
bell—and a certain rewarc 1. Later, 
other experiments showed t ar con- 


ditioned reflexes could be ped in 
other animals using other sti 

The two schools of t try dif- 
ferent approaches to ex havior. 
Both present accurate poir nust be 


considered together to get ture of 
behavior. For the ethologi ivior is 
“written down” before birt! ierited, 
not primarily learned. The icts by 
instinct in a certain way that rmined 
before its birth. 

For behavioral psycho! shavior 
is learned. External stimu! line the 
reflexes and development of | or 

Today we know that tomatic 
reflexes and learning are i in the 
development of behavior 
CERTAIN COMMON ACTIV! 

Behavior differs with eac! cies, AS 
some observers were quick int out, 
certain patterns of behavio as im- 
portant a characteristic of an: pecies 
as the animal’s body form 

However, certain type ) havior 
occur in many species. Anim nmuni- 
cate with each other, defend mselves, 
mate, and produce young. A brie! look at 


how some animals go about these 
will show us some common 
behavior. 


ANIMALS “TALK” TO EACH OTHER 


Animals communicate, or “talk,” to 
each other through signals. Each animal 
uses certain signals to communicate with 
other members of its species. It uses these 
signals to recognize other members of its 
species, to attract mates, to call for food, to 
warn of danger, and for other reasons. The 
signals differ with the species. 

Calls and songs are important ways of 
communicating. A hen “talks” to her baby 
chicks with several types of calls. Among 
fur seals, cows, goats, rabbits and many 


other species, mother and young communi- 
cate by voice signals. Other animals “call” 
other members of their species when they 
find food. They also warn others of danger. 
airie dog, for example, will give an 
n call if it sees danger, thus telling other 
ie dogs to take cover. 
Vocal noises are also a very important 
of communicating between the sexes. 
e species have definite vocal calls or 
zs in courtship. Male frogs, for example, 
and croak during the mating season. 
ales recognize the croaks of their own 
ies and go to find the male. Many birds 
2 to attract mates. 
Odor is another way of signaling. 
y mammals “mark off” a territory, or 
ie region that they consider theirs, by 
They urinate around the boundary of 
region. The odor tells other animals 
o intrude. Odor is also often a sexual 
sage. The male silkworm moth has an 
ex remely sensitive sense of smell. He will 
up the odor of a female at a distance of 
e kilometers and follow the odor. 
Some species have developed very 
ual ways of communicating. Bees, for 
nple, use various “dances” to tell other 
mbers of their hive where food is. A bee 
has found a food source returns to the 
and performs a “dance.” The form of 
dance tells other hive members the 
ction of the food and how far away it is. 
neces are also a part of courtship for 
ny species. 


LIVE ALONE OR IN A GROUP 


Some animals live alone, avoiding con- 

with other members of their species, 
except in the mating season. Other animals 
typically live in a group. Some animal 
groups —a school of herring, for example — 
may include several thousand individuals, 
none of which is the leader. They all just 
live and travel together. In other groups, 
such as a flock of sheep, there is one leader, 
and all other members of the group follow. 
In a flock of chickens, there is a “pecking 
order.” The hen leader pecks all members 
of the flock without being pecked back. The 
next ranking hen pecks all but the leader 
and so on. 


Land hermit crab emerging from its borrowed 
house—a snail shell 


In other types of animal groups, there 
is a complicated social organization. Ants, 
for example, live in large colonies that have 
a complex organization. Each member has 
a special job and rank. 

Baboon group life has been the subject 
of much study. Generally, one older male 
baboon is the acknowledged head of the 
group. He is supported by a core of “cen- 
tral males” —elder statesmen, so to speak. 
Younger males and adolescent males fight 
for rank and for the females. The females 
are protected by the males and spend most 
of their time caring for and playing with the 
young. Each member knows its place with- 
in the group. Rank is recognized through 
different types of rituals, such as the pro- 
cess known as grooming. 


TO BUILD A HOME OR TO WANDER 


Some animals build permanent elabo- 
rate homes. Bees, for example, live in large 
colonies and build complicated hives. The 
hives may have many connecting rooms 
and passageways, with some of these rooms 
used as nurseries and some for honey. 
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Photo Researchers 


Some animals prefer not to put up a fight. This 
hognose snake rolls over and Plays dead to fool its 
enemies. 


Beavers are well known for their home- 
building talents. They typically use sticks 
and mud to build a dam and a comfortable 
lodge along a stream. They are able to fell 
trees with a diameter of 45 centimeters to 
use for their homes. They hide the entrance 
to their lodge and store food in the lodge for 
use when they hibernate. 

Other animals make use of “tempo- 
rary” homes. A hermit crab, for example, 
uses the empty shell of a sea snail asa 
home. As the crab grows too large for the 
shell, he simply moves to another, larger, 
temporary home. 

Still other animals, most typically fish- 
es and birds, move about almost constantly, 
stopping only for nest building. 

Many vertebrate, or backboned, ani- 
mals and at least some lower animals estab- 
lish a home territory even if they don’t build 
a home. For some species, the territory isa 
certain area that the animal or animals liv- 
ing together consider their own — where 
they live, eat, sleep, reproduce, and raise 
their young. Other species establish a terri- 
tory only during the breeding season. For 
them the territory is the area for courtship, 
mating, and the care of the young. For a liz- 
ard the home territory may be simply a 
small area around a tree log. For a moun- 
tain lion the territory may be very large — 
almost 40 square kilometers. Most animals 
defend their territories from intruders, us- 
ing various forms of attack to do so. 
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Some animals have two idely dif- 
ferent home regions, like winter ind sum- 
mer homes. Birds such as Canada 
goose, sandpiper, and arctic tern often tray- 


el tremendous distances and have remark- 


able abilities to sense directi between 
their two homes. Certain | ntelopes, 
and other mammals also m between 
two home regions. 
HIDING FROM AN ENEMY 

Every animal must pr elf. For 


some animals this means hi: from an 


enemy or trying to fool it, Si iy dead. 
The opossum, for example his eyes 
and lies very still even if bit ntly. An 
attacking enemy thinks ti sum is 
dead, loses interest, and r on. The 


hognose snake is another ial that 
“plays dead.” 


Other animals hide by ling into 
their background. This type avior is 
called camouflage. The gre itis, for 
example, has a long narrow body. It 
looks like a blade of grass. Ir ir way, 
the brown mantis blends in ; twigs. 
The vine snake of the Ame pics is 
another example. It looks li hanging 
branch or jungle vine and move ntly as if 
it were a branch swaying wind. 
Among many animals, the arı ment of 
bands or stripes, the shape of of their 
bodies, and their overall coloring all serve 


to camouflage them. 

Some animals are even able to change 
their color. Some fish are especially known 
for this ability. The Nassau grouper can 
change its color into eight different patterns 
in a few minutes. It changes color to match 
the tropical reef background of its habitat. 
Chameleons are well known for their ability 
to change color, although other lizards are 
even better at it. The little tree lizard Anolis 
carolinensis can change very rapidly from 
dark brown to green. 


WARNING AN ENEMY 


Other animals do not hide from an 
enemy but warn it of their own dangerous 
nature. In that way they often avoid attack. 
Here again, color is one method used. The 
North American cottonmouth, for exam- 


p 


m 


assumes a threat posture and Opens its 
th wide, revealing a white lining that 


asts with the snake’s darkly patterned 
The South American frog Dendro- 


s tinctorius is very brightly colored and 


s no effort to hide itself. Its bright 
ng warns other animals of its very 
rous, highly venomous, nature, 

Some animals use other methods to 
or threaten an enemy. Cobras, for 
ple, often spread their head region 
“hood” shortly before striking. Dur- 
he mating season, male birds often 


t head feathers, call, and show other 


that attract females, but also warn 
males to stay away. 


animals use camouflage for protection Top: 
ed blenny blending into its background. Bot- 


hameleon matching the green of the leaf. 
Tom McHugh/PR 


DEFENSE AND ATTACK 


Some animals try to get away from 
danger as fast as possible, Some —the impa- 
la, the deer, the rabbit, and many others — 
can often outrun their attackers, Birds take 
to the air, flying away froma ground attack- 
er. Some small animals flee into burrows, 
thickets, or small Openings where larger 
predators cannot follow them. 

In some cases, animals cannot hide 
from or avoid attack, and they themselves 
seek out battle. Each species has certain 
ways of fighting, and most are equipped 
with certain “weapons.” Some snakes, for 
example, inject a poisonous venom that 
paralyzes or kills a victim. Many mammals 
and other animals have very sharp teeth, 
and some have sharp claws and sharp horns. 
Birds often use their beaks in fighting. 


TRYING TO FIND A MATE 


During the breeding season many spe- 
cies use different methods to attract a mate. 
As mentioned before, some animals, such 
as frogs, use vocal signals to call and attract 
a mate. Some, such as the silkworm moth 
and snakes, use odor to attract a mate. 

In still other species, elaborate court- 
ship rituals have been developed. In many 
birds, for example, the males are brightly 
colored. At the mating season, the males 
display their colorful feathers. Some, such 
as the peacock, open and erect special 
feathers to attract attention. Others like the 
grouse have colored sacs on each side of 
the head. They quickly inflate and deflate 
the sacs, making an audible noise to attract 
mates. Some male and female birds also 
engage in mutual pecking, nibbling, and 
dancing before mating. 5 

Complex courtship rituals are not lim- 
ited to birds. Some snakes perform compli- 
cated and very graceful dances before mat- 
ing. In some species of spiders, males must 
perform a fixed courtship dance as they 
approach the females or else risk being eat- 
en by the females. Some fish also perform 
certain rituals. The stickleback male, for 
example, dances around the female and 
then begins to nibble at her tail to nudge her 
into the nest he has built. 
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NEST BUILDING AND CARE OF THE 
YOUNG 


In many kinds of animals the young 
must care for themselves shortly after they 
hatch from eggs or are born. In other spe- 
cies, however, one or both of the parents 
build a nest and care for and protect the 
young for a period of time. 

Nest building is most elaborate among 
birds. The nests may be built on the ground 
or ina tree, or they may hang from a roof or 
branch. Some species construct the nest of 
twigs and leaves and carefully line them 
with feathers. Once the eggs are laid, one 
parent, usually the female, incubates the 
eggs. Sometimes, the male supplies the 
female with food while she incubates the 
eggs. As the young hatch the parents may 
give them food, often food that has been 
partially chewed. 

The stickleback fish mentioned earlier 
also constructs an elaborate nest. The male 
builds the nest of plantlike material and 
glues it together with a threadlike substance 
that he secretes from his own kidney. After 
the female lays the eggs, he swims around 
them. Later he cares for the young. 

Other animals have different ways of 
taking care of their young. Among ants and 
bees, certain members of each colony have 


A cardinal feeding its young in a well-concealed 
cup-shaped nest. 


Karl H. Moslowski/PR 
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the task of caring for the young. Kangaroos, 
opossum, and a few other n ils keep 
their newborn in a special h on the 
front of the mother’s body. 
ARE ANIMALS INTELLIGEN 

Intelligence is a very d word to 
define. It is sometimes e as the 
ability to learn, or as the al respond 
to new circumstances, or a bility to 
solve a problem. But these tions do 
not really define the wor« ling, re- 
sponse to a situation, and | solving 
can all exist without true int e. Intel- 
ligence, as we are using the proba- 


bly best defined as the abilit on. 


Many animals can lea in ways 
of behaving. Like Pavlov’s « y can be 
“taught” a particular way of Many 
animals can also be present a prob- 
lem and solve it through tria ror. 

Scientists have develop ral ways 
of testing an animal's abi ‘arn, to 


respond to circumstances. lapt, to 


have an idea, and to reason ist cases 
the tests reveal that animals « p condi- 
tioned reflexes or learn by ted trial 
and error experiences and n ugh in- 
telligence. A brief explanati ome of 
the tests will help explain vility of 
some animals and also the n: intelli- 
gence. 
LEARNING THROUGH TRIAL AÌ ERROR 
Many tests involve the use of a maze. 
A rat or other test animal is placed at the 


entrance of a maze. It must find the exit. As 
the animal moves along the maze, it finds a 
series of branches or forks. It must decide 
which fork to take. If it chooses the wrong 
fork and comes to a dead end, it must go 
back and try the other fork. It continues 
until it reaches the exit. After many errors 
the animal “learns” how to go through the 
maze without any wrong turns. 

Some mazes are simple. Some are 
difficult, involving as many as 25 turns. 
Animals vary greatly in how quickly they 
learn how to go through a particular maze. 
In at least one test, white rats did better 
than college students. However, this proved 
only that rats are good at learning through 


P y marmoset being given a 
tt object discrimination test. 
T such as this are being used to 
de ormine the intelligence and 
| ng ability of many animals. 


ro cated trial and error. It did not prove 
thi they are intelligent. 


)BLEM SOLVING 


In another type of test, animals must 
e a particular problem. Some birds, 
irrels, cats, and other animals have 
corned to open a door, open a lock, or 
ve other “problems” to get at what they 
\t— usually food. 
Still other tests determine whether an 
imal is just repeating a certain way of act- 
» or whether it can remember a correct 
y. For example, can an animal once it 
; learned the answer to a problem, re- 
member the answer and use it at a later 
date? Monkeys seemed to do well in these 
ypes of tests. 

Such abilities are impressive. Even 
more impressive is adaptability. Some sci- 
entists think adaptability shows at least 
some intelligence. Monkeys seem to be 
able to adapt: they are able to change their 
normal patterns of behavior to adjust to 
new situations. When monkeys were pre- 
sented with a series of problems, they 
solved the problems through trial and error. 
But each time they were given a new prob- 
lem, they solved it faster and faster. In 
other words, the monkeys learned how to 
solve problems; they learned how to learn. 


USING TOOLS 


For many years 
considered a sign of in 


x 


the use of tools was 
telligence. In fact, for 


Harry F. Harlow, University of Wisconsin Primate Laboratory 


many years scientists who trace the history 
of early peoples considered the use of tools 
as the beginning of modern mankind. Re- 
cent research, however, has cast some 
doubt on whether tool use can be consid- 
ered a sign of high intelligence. 

Primates are a group of animals that 
includes monkeys, chimpanzees, and large 
apes, as well as human beings. Some pri- 
mates, beside humans, can use tools, and so 
can some other mammals and at least one 
bird. 

Chimpanzees put in a room where food 
is placed on a high shelf, too high for them 
to reach, will pile boxes one on top of the 
other and then climb on the boxes to reach 
the food. The chimps, in other words, adapt 
to the situation and solve the problem by 
using the boxes as tools to get what they 
want. 

If necessary, chimps will carry tool 
use another step. After piling up the boxes 
and climbing on them, they will use a stick 
to pull the wanted food closer to them. 

Sea otters also use tools. They favor 
clams as food. A sea otter will hold the 
clams against its chest and use a rock to 
smash open the shell. In a very surprising 
finding, scientists at the University of Mas- 
sachusetts have shown that a northern blue 
jay will use a feather or straw to rake food 
pellets closer to its cage where it can then 
reach them. Such findings hint that tool use 
is probably more widespread than has been 


thought. 
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Family group of Gibraltar apes. Rank 
in social group is recognized 
through certain rituals, such as 
grooming seen here. 


USE OF SYMBOLS AND LANGUAGE 


The understanding of symbols shows 
an ability at abstract reasoning. Chimpan- 
zees were given a series of tests involving 
the use of a vending machine and poker 
chips. The chimps learned that one grape 
came out of the machine each time they put 
a white chip into a slot. They next learned 
that two grapes came out when they used a 
blue chip. The chimps soon learned that 
blue chips were more valuable. They also 
learned that a red chip brought water, and 
they used it when they were thirsty. This 
experiment showed that the chimpanzees 
were able to understand symbols—in this 
case, chips. One color chip symbolized, or 
stood for, one thing, another for something 
else. The chimps understood this and re- 
membered it at least for a time. 

The understanding of symbols is es- 
sential for the use of language. In a series of 
experiments being conducted in several 
centers throughout the United States, 
chimpanzees are being taught language. 
Not a verbal language, but a sign language. 
Some of the chimps are being taught Amer- 
ican Sign Language (ASL), the same lan- 
guage that deaf people use. Other chimps 
are being taught to “read” plastic chips that 
symbolize different words. And another 
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chimp has been taught a sp nguage 
called Yerkish, which she ı special 
computer typewriter. 
COMMUNICATION “MODEL 

The matter of commur techni- 
ques could prove to be the one in 
determining the degree to ınimals 
might actually be aware selves. 
Some ethologists have propo h more 


radical research along these s. They 


suggest the development of ls” that 
animals could accept as c: inicating 
partners in experiments. Using such mod- 
els, these scientists think that night be 


possible to explore the mental worlds of 
different kinds of animals at their own level 
of experience. This is an exciting pros- 
pect for students of animal behavior. How- 
ever, such experiments have only been 
proposed and much work remains before 
they can be put into practice. 


INBORN ABILITY PLUS LEARNING 


Adaptability, the use of tools, the un- 
derstanding of symbols, and, lastly, lan- 
guage —all seem to be signs of intelligence. 
The field of exploring animal intelligence 
through observation in natural habitats 
and through laboratory studies is truly a 
fascinating experience. 


ANIMAL MIGRATION 


by John C. Pallister 


When we speak of human migrations, 
have in mind the movements of great 
dies of men, women, and children from 
ie place to another. These people may 
driven by famine in their own land; 
ey may be fleeing from a foe; they may 
> seeking freedom from persecution. 
There have been numerous instances 
such human migrations. The exodus of 
e Hebrews from Egypt in Biblical times is 
ancient example. More recent ones in- 
ude the migration of French Protestants 
to England in the seventeenth century to 
scape religious persecution and the flight 
f the American farmers in the 1930s from 
the dust bowl of the Great Plains westward 
to California. 
When the world “migration” is applied 
to the journeys of animals, it generally has a 
more restricted meaning. In its narrowest 
sense, animal migration is the periodic 
traveling of a species between two loca- 
tions. 


MANY ANIMALS MIGRATE 


The birds of the Northern Hemisphere 
offer perhaps the best-known examples of 
animal migration. Every fall most of them 


leave the localities where they build their 
nests, and fly south to spend the winter. 
Every spring they return north and build 
new nests in the neighborhood where they 
have nested before. They travel to the same 
winter quarters each year. They use the 
routes they have always followed. Such, at 
least, is their normal habit. Various acci- 
dents can break up the routine, however. 
Severe storms may drive them off course. 
A few members of the flock, worn out or 
injured, may spend a few days or the whole 
season in shelter far from their usual 
haunts. Changing climates may affect mi- 
gration. 

Birds are not the only animals that 
migrate. Caribou and wapiti, or American 
elk, change their feeding grounds according 
to the season. Seals travel long distances in 
order to breed; so do eels and salmon. Cer- 
tain marine invertebrates and fishes move, 
according to the season, from deep water to 
shallow water and back again. Toads and 
some salamanders spend most of their time 
on land; but each spring they travel, often 
for some distance, to their favorite breeding 
waters. Marine reptiles such as sea snakes 
and turtles move from the water to the 
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Right: the tag on this least bat 
helps in the study of this animal's 
migration. Some bats migrate 
regularly on a_north-to-south 
flight path. Far right: marking a 
king salmon by removing its dor- 
sal fin. The salmon will return to 
its home stream to spawn. 


shore to deposit their eggs. All these are 
regularly recurring two-way trips. 

A few zoologists define migration so 
broadly as to include practically all group 
movements. They describe as daily migra- 
tions the flights of crows, gulls, Starlings, 
and other birds from their roosts in search 
of food in the morning and the return flights 
at night. They also include certain one-way 
movements that most zoologists prefer to 
call irruptions, or irruptive movements. 
Among the best-known of these one-way 
trips is the mass movement of the Arctic 
rodents called lemmings. They migrate 
from the highlands, where they usually 
dwell, to the sea, where they meet their 
death by mass drowning. 

In this article, we shall consider the 
round-trip migrations of certain representa- 
tive birds, mammals, fishes, and other ani- 
mals. We shall also deal with a few of the 
more interesting irruptive journeys. 


STUDYING MIGRATION 


The fact that certain creatures migrate 
has long been known. Comments on the 
comings and goings of birds, locusts, 
whales, seals, fishes, and turtles are found 
in early records. It was not until the eigh- 
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teenth century, however, that stigators 

began to study animal migrati rethodi- 

cally. The intensive study subject 

goes back only to the early s of the 
twentieth century. 

To obtain detailed information about 
the migratory habits of any spe a great 
many observers are required. T} reports, 
sent in over a period of years. make up a 
massive accumulation of records. At the 


breeding locality of the species under ob- 
servation, as many individuals as possible 
are captured, marked, and released. If and 
when they are recaptured, investigators are 
able to determine the distance the animals 
have traveled and the time they have taken. 

There are various marking procedures. 
A leg of a bird or a bat is banded, or ringed, 
with an aluminum strip or a colored cellu- 
loid band. Butterfly wings are marked with 
a ticket punch or with a spot of paint. Tags 
are fastened to shrimp and some fishes. The 
ears of mammals are tattooed. Metal tubes 
are shot into the blubber of whales. Natu- 
rally the percentage that can be marked is 
small—and the percentage of marked ani- 
mals recaptured is yet smaller. Another 
way of tracking animals is to attach small 
radio transmitters to them. 


It is particularly difficult to find out 
hy and how migration takes place. Why 
es an animal depart from the place of its 
irth and later return? What determines the 
ne of departure, the direction of the jour- 
y, and its length? Seeking answers to 

these questions, scientists have not only 
ade numberless observations, but have 
Iso engaged ina vast amount of physiolog- 

ical research and other experimental work. 

It is evident that there is a relationship 

between migration and weather—particu- 
larly changes in temperature—and that 
ood supply also influences migration. But 
this is not the whole story by any means. It 
is increasingly clear that the migration ofa 
given species is determined particularly by 
what can be normally expected, on the ba- 
sis of the accumulated experience of many 
generations, It is only when a change in the 
environment (such as abnormal weather or 
the destruction of breeding sites by human 
beings) persists over a period of years that a 
corresponding change in the migratory rou- 
tine is likely to occur. i 
Researchers have tried to determine, 
without very much success, exactly how en- 
vironmental factors influence the migratory 
trait. Most of the laboratory work in this 
field has been done with birds and fishes. 
Investigators have studied the effect of in- 
creasing or decreasing day length on a 
bird’s hormones, which in turn influences 


Cameron Thatcher trom Notional Audubon Society 


molting and reproduction. They have noted 
variations in a fish’s metabolism requiring a 
change in the salt content of the water in 
which it lives. They have examined period- 
ic changes in the amount of secretion of the 
adrenal glands. 

How does an animal find its way 
from station to station along its route? 
Trying to solve this problem, investigators 
have studied the effects of river and sea 
currents, polarized light, the earth's mag- 
netic field, and the Coriolis force — the de- 
flection caused by the rotation of the earth. 

Some authorities question whether any 
one external stimulus, such as those just 
mentioned, could by itself account for the 
remarkable navigational ability of so many 
creatures, from warblers to whales. 

On the other hand, for example, some 
authorities believe birds use the sun by day 
and the stars or constellations by night as 
their compass references in their migra- 
tions. 

BIRD MIGRATIONS 


Ofall land creatures, birds are the best 
equipped for extensive travel because of 
their wings. The geography of the earth 
seems to provide the impetus for their mi- 
gratory.urge. Great land areas in the upper 
half of the Northern Hemisphere furnish 
abundant nesting sites, which rigorous win- 
ters make untenable, The long-distance 
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Map showing migration routes of the arctic terns of 
North America. These animals fly from pole to pole 
in their annual migration. Arctic terns hold the 
long-distance flight record of 35,000 kilometers. 


migrators, therefore, are the birds that like 
cool weather, but not freezing weather. 
Birds that nest in the warmer areas do not 
migrate. 

In the Southern Hemisphere, only the 
southern part of South America and the 
higher altitudes of the Andes have sufficient 
temperature changes to drive land birds 
toward warmer territories. There is little 
north-and-south bird migration in Australia 
or South Africa. 

Some birds can stand very cold 
weather. The gyrfalcon and the snowy owl 
only occasionally leave their Arctic homes. 
The flightless emperor penguin lives the 
year round in Antarctica. Many birds can 
endure freezing temperatures, provided 
that the periods of low temperatures are not 
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too protracted. They move only far enough 
away from their homes to escape the worst 
rigors of winter. 

In general, birds that prey on other 


birds and on small mammals can live 
through a northern winter, and so can the 
larger seedeaters. Most of small in- 
sect eaters and seedeaters migrate to ter- 
ritory that is not covered by sni 

The long-distance migrat record of 
35,000 kilometers is held by the arctic tern, 
Sterna paradisaea. This graceful bird builds 


its nest on rocky or sandy sts, often 


around the Arctic Ocean and occasionally 
to within eight degrees of the Arctic 
terns nesting along northern Greenland 
spend less than four months e. Then 
they fly eastward to northern Hurope and 
southward along the coast to ca, Some 
fly down the African continent s very tip 
and then make their way to ti ntarctic 
regions. Others cross over to Brazil from 
northern Africa. They fly down the South 
American coast and from there to their 
Antarctic winter range. Certain arctic terns 


of North America have taken to nesting far- 
ther south along both coasts. 


Another Arctic Circle bird. the golden 
plover, Pluvialis dominica, builds its nest of 
reindeer moss in the wet tundras of Siberia, 
Canada, and Alaska. In early fall, the gold- 
en plovers start their flight south. Those 


from eastern North America fly down the 
Atlantic to the pampas of South America. 
In the spring, they follow the Central 
American coast to Louisiana and thence up 
the Mississippi Valley to the identical 
breeding grounds they had left. Alaskan 
golden plovers migrate to Hawaii. Those 
from Siberia winter in various islands of the 
Indian Ocean and also in Australia and 
New Zealand. 

Among the birds that travel from 
northern Canada to southern Argentina are 
Several species of the sandpiper family. 
Most species spend little time at their Arc- 
tic nesting places, arriving there in late May 
and departing south in July. The solitary 
sandpipers, Tringa solitaria, winter in vari- 
ous places. Some flocks go regularly to 
Bermuda, some to Cuba and other West 
Indian islands, and some to Argentina. 


Many persons in North America have 
zard the loud honking of Canada geese, 
‘anta canadensis, and have looked up to 
itch a flock in V formation flying over- 
ad. These birds have a wide breeding 
nge, from the Arctic Circle into the north- 
n United States, and their winter quarters 
e equally widespread. Some that nest in 
laska winter in Japan. Those taking the 
tlantic routes may winter anywhere along 
e coast of the United States and Mexico. 

Storks may also migrate long dis- 
neces. The white stork, Ciconia ciconia, 
ends the summer in northern Eurasia. It 
inters in Africa, Asia Minor, and India. 
1e long journey takes its toll—thousands 

storks die from starvation, storms and 
her bad weather, and, of course, the guns 
hunters. 

The small land birds are as capable of 
istant migration as are their larger rela- 
ves. One of the tiniest, the ruby-throated 
ummingbird, Archilochus colubris, nests 
ı southern Canada and all through the 
istern United States. Hummingbirds from 
he north winter in Florida and southern 
ouisiana; those from farther south spend 
ieir winters in Mexico and Central Ameri- 


Migratory flight of bats. 
Much like birds, bats migrate 
south for the winter. 


ca. Some of the western hummingbirds oc- 
casionally migrate to the Gulf Coast and 
northern Florida, but generally they winter 
in southern Mexico. 

The true songbirds make up the larg- 
est number of bird species. The majority of 
those that live in northern areas migrate. 
Some go only several hundred kilome- 
ters. Others fly incredibly long distances 
across the Caribbean into South America 
or from Scandinavia to Africa. One of these 
long-distance travelers, the scarlet tanager, 
Piranga olivacea, of North America, 
starts migrating in midsummer or in the 
latter part of the summer to Bolivia and 
Peru. Before leaving, the male changes its 
plumage to the olive green of its mate. 

Nearly fifty species of the warbler fam- 
ily nest in the northern United States and 
Canada. Huge flocks containing several 
species of these small, charming birds pass 
regularly through the northeastern states. 
But since they travel at night they are rarely 
seen, and then usually because a storm or 
heavy fog has driven a flock against a city 
skyscraper. Many of these warblers fly 
across the Caribbean to Central and South 
America. 
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Flycatchers, swallows, and vireos also 
travel far from their nesting grounds. The 
varied members of the sparrow family, 
however, generally do not venture too far 
from home. They may even remain there. 
This family includes, besides the sparrows, 
the cardinals, grosbeaks, buntings, finches, 
goldfinches, and juncos. Some of them may 
nest rather high in the mountains, moving 
down to the protected valleys in order to 
escape the rigors of winter. 


MAMMAL MIGRATIONS 


Migration is not common among 
mammals, for most of them have found 
other ways of adapting to their environ- 
ment. Some can endure severe seasonal 
changes. Others hibernate. 

Bats. Curiously enough, the best ex- 
ample of migration by a present-day land 
mammal is furnished by one that can fly. In 
northern latitudes, as insects disappear in 
the fall, the bats that feed on them must ei- 
ther hibernate or move south. Some bats in 
the eastern United States travel a consider- 
able distance to hibernate in large groups in 
limestone caves. Others migrate south and 
hibernate there. 

Three species in eastern North Ameri- 
ca—the red bat, Lasiurus borealis, the larg- 
er hoary bat, Lasiurus cinereus, and the sil- 
ver-haired bat, Lasionycteris noctivagans 
—make regular north and south migrations 
comparable to those of the birds. All three 
species are likely to migrate together in 
small or large groups, but the males and 
females travel separately. Their flight, as 
they migrate, is said to be steady, with a 
sailing or drifting motion quite different 
from their usual erratic flight patterns. They 
fly at a height of from 45 to 120 meters 
above ground. These bats travel day and 
night, usually along the coast, where their 
passage is regularly noted by lighthouse 
keepers. Occasionally migrating bats come 
aboard ships almost 100 kilometers from 
shore. Their winter quarters are from South 
Carolina to northern Florida. 

Bison, caribou, and elk. Millions of 
bison, or American buffalo, Bison bison, 
once roamed throughout Canada, the cen- 
tral part of the United States, and northern 
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Adapted, with permission from the American Mu 
Banfield 


ural History, from 


Above: map of migratory routes an azing areas 
of the Barren Grounds caribou s indicate 
spring migration routes northwar< ts indicate 
where these animals graze in winte r they have 
migrated southward. Right: phot ihe Barren 
Grounds caribou on the move in a J gration. 

Mexico. The bison moved no nd south 
with the seasons, over routes well cho- 
sen that they were followed late: by rail and 
automobile roadmakers. These magnificent 
animals were almost exterminated by the 
end of the nineteenth century. They were 
saved by conservation measures. Some 


25,000 bison are now to be 
United States and Canada, chiefly in gov- 
ernment parks and reservations and in Z00- 
logical gardens. 

More fortunate than the bison, great 
herds of caribou, Rangifer arcticus, still ex- 
ist in the Barren Grounds of Canada’s 
Northwest Territories. Early in August, 
they collect by the thousands and start a 
somewhat circular counterclockwise migra- 
tion. They move in a general southwesterly 
direction for several hundred kilometers, 
and return in a general northeasterly direc- 
tion the following spring. 

Farther south, the American elk, or 
wapiti, Cervus canadensis, finds room 
enough to maintain its normal habits in the 


great northwestern parks of the United 
“tates. About the middle of September, the 
wapiti begin to descend from the higher 
mountain pastures. The females and the 
immature males come down first, followed 
and then joined by the bulls. They spend 
the winter in sheltered valleys. As soon as 
the snow begins to retreat, the males start 
back toward the summer range, followed by 
the females and the newly born calves. 
Lemmings. Among the most spectacu- 
lar mass movements of land mammals are 
those of the true lemmings. As pointed out 
earlier, these movements are irruptions, 
rather than migrations. The true lemming, 
belonging to the genus Lemmus. is a small- 
eared, short-tailed, mouselike rodent about 
12 centimeters long. It dwells in Lapland 
and the highlands of Norway and Sweden. 
When there is an excessive number of 
lemmings in their ordinary habitats, a mass 
movement toward lower-lying regions 
begins. As they advance, the animals disre- 
gard obstacles in their paths, swimming 


Charles 4 ON trom Notonal Rudy bon Sor vty 
across rivers and even small lakes, Vast 
numbers are slaughtered by beasts and 
birds of prey —foxes, bears, weasels, cats, 
hawks, owls, and others, Many are extermi- 
nated by people, since they devour crops 
and other kinds of vegetation. Others fall 
victim to a disease called lemming fever. 
When the survivors reach the coast, they at 
once plunge into the sea and are drowned, 

Seals. The fin-footed mammals spend 
most of their time in the ocean, but breed 
and bear their young on shore or on ice 
floes. Walruses do not migrate, Neither do 
most of the manatee group. 

Species of the true, or carless, seals 
leave the water and spend a breeding sea- 
son of several months on shore. One of 
these, the harp, or saddleback, seal, Phoca 
groenlandica, spends the summer in herds 
feeding far up along the coast of Greenland. 
In the fall, it migrates to Newfoundland, 
where the young are born the following 
spring, on land or on drifting ice. 

The eared seals include the Alaskan 
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When population pressures reach a peak, lem- 
mings migrate to the sea. The migrations are only 
one way, however: the animals run out of road 
when they reach the sea. They are forced in and 
they drown. 


fur seals, Callorhinus alascanus, which 
make a long journey each year. The females 
and young males spend the winter in herds 
off the coast of California, while the adult 
males stay farther north along the shores of 
Canada and Alaska. In the spring, the 
males move north to the Pribilof Islands, 
where they are soon joined by the Califor- 
nian group. Those females that are preg- 
nant give birth to their young within a few 
days of arrival. Soon after weaning their 
calves, they are impregnated again and set 
out on their southerly migration. 

Whales. Comparatively little was 
known about the migratory habits of most 
whales until the commercially valuable 
species were threatened with extinction. In 
1925, the British organized a scientific ex- 
pedition to the Antarctic in Captain Robert 
F. Scott's old ship, the Discovery, in order 
to study the habits of whales. Since that 
date, there has been continuous whale re- 
search in both the Atlantic and the Pacific. 

In order to learn the migratory habits 
of these huge marine mammals, scientists 
shoot numbered metal tubes into the blub- 
ber of living whales. Whalers look for these 
tubes when they cut up whales, and send 
any tubes they recover, together with infor- 
mation about when and where they were 
found, to the appropriate agency. Whales 
have been taken 4,000 kilometers from the 
place where they were tagged, and as much 
as ten years after tagging. 

Most whales are inhabitants of colder 
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waters, All migrate seaso toward 
warmer regions, some for considerable dis- 
tances, The migrations of the humpback 
whale, Megaptera novacan are well 
known because it winters in costal waters 
where it can be easily observed. Southern 
humpbacks migrate from Antarctic regions 
up the coasts of South Afri Australia, 
and New Zealand, usually to t ne loca- 
tion each season. Northern npbacks 
move from Baffin Bay to the West Indies, 
from the Bering Sea to Mexico. and from 
Kamchatka to the Mariana Isla 

The largest whales, the bl or sul- 
fur-bottom, whales, Sibbaldus musculus, 
feed on plankton in the cold waters of the 
Arctic or Antarctic. When ice threatens, 
they move toward the tropics. where they 
eat little or nothing. There, the young are 
born in alternate years. Within a few 


months, the newborn whales are able to 
accompany their mothers back to the polar 
regions to feed. 


FISH MIGRATIONS 


Like birds, fishes are able to travel long 
distances with speed and ease. It is not so 
easy to follow their routes, however. Thus, 
we still know comparatively little about 
fish migration. People knew long ago, to 
be sure, that certain fishes arrived in large 
schools at the same place and at the same 
time, year after year. Why they came, 
whence they came, and where they went 
remained quite unknown until about the 


middle of the nineteenth century. At that 
lime organized research on the habits of 
commercially important fish began under 
the auspices of fishing industries and 
governments. 

The methods and techniques of this 

esearch have been enormously improved 
in the past decade or two. Radar can detect 
the presence of schools of fish at depths 
previously unexplorable. Machinery has 
been devised for fishing in deeper waters 
han ever before. As with birds and sea 
nammals, tagging has been the primary 
nethod used to determine migration cours- 
s. Investigators have also obtained infor- 
iation by examining fish scales, which tell 
omething about the age and the migratory 
xperiences of individuals. 

When we look at the waters of ocean, 
iver, or lake, we do not realize how varied 
hey are. Freshness or saltiness, currents, 


depth—all combine to make the migratory 
habits of fish more complicated than those 
of land vertebrates, Like other animals, 
fishes need a suitable nursery for their 
young and sufficient food for themselves. If 
they cannot use their feeding areas as 
breeding grounds, they must migrate be- 
tween the two. The different fish species 
follow a variety of routes as they migrate: 
some from the depths to the surface; some 
from offshore to inshore; some from salt to 
fresh water. 

From ocean to river. Of the several 
fishes that leave the ocean and swim up- 
stream to spawn in fresh water, the best 
known are the salmon. The main genera of 
salmon breed in fresh water and spend 
most of their lives in the sea. 

In the spring, the adult salmon ascend 
the rivers where they were spawned. They 
leap over rapids and small falls until they 


Alaskan fur seals at their breeding grounds in the Pribilof Islands off Alaska. 
Females and young males migrate north from the California coast as warm 
weather approaches. The older males stay north of the females and young 
males. When they reach the Pribilof Islands in spring, the females give birth. The 
older males and females mate once again. After the pup is weaned, the group 


heads south again for the winter. 


Karl W. Kenyon from National Audubon Society 
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Mitchell Campbell from National Audubon Society 


When salmon mature, they return from the sea to 
spawn in the freshwater streams where they were 
born. Their homing instinct is precise—they always 
find their home stream. 


come to a place where shallow water rush- 
es over a gravelly bed. Here the rapid flow 
aerates the water and the gravel purifies it 
to the high degree necessary for the embryo 
fish. 

Sometimes the trip upstream may be 
several hundred kilometers, as was formerly 
the case along the Columbia River. Some- 
times it may be much shorter, as along the 
rivers of Japan and eastern North America. 

The salmon eat little or nothing once 
they leave the ocean. They are beaten and 
torn by the rocks and rapids. After spawn- 
ing, therefore, most of them die. Not all 
succumb, however. A few lucky ones live 
to make the arduous trip back to sea. In 
fact, they may return a second, and very 
rarely a third, time. Scratches on the scales 
of a salmon show whether the fish has made 
the spawning trip and how many times. 

The young salmon remain where they 
were spawned for a few years (the length of 
time depending upon the species) before 
following the stream to the sea. They spend 
several years in ocean waters, feeding vora- 
ciously and gaining size, strength, and fat 
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for the return trip. When they finally reach 
the adult stage, they set out the same 
stream and even for the sam bed where 


they were spawned. 
There are many man-mac bstacles in 


the salmons’ path. On certai s hydro- 
electric projects, with their « and tur- 
bines, take a heavy toll of migrating 
salmon. Attempts to build ys to as- 
sist salmon over the dams | not been 
very successful. 

Several other food fis igrate in 
much the same way as the Among 
them is the American shad ipidissi- 
ma, a native of the Atlantic f North 
America but now introduced e Pacific 
coast. It does not travel so { ream as 
salmon do. It spawns in sha iter near 
the banks of rivers or lakes a n returns 
to the ocean, It may make t} back to 
the same spawning area e ring for 
several years. The young main in 
fresh water until fall before m down to 
the sea. They reach maturit na few 
years and then return to thei: iplace to 
spawn. 

The sea lamprey, Petrom marinus, 
an eellike creature with a d. suck- 
ing mouth, regularly migrat om the 
Atlantic coast of North Amı into the 
rivers to spawn, after which es, The 
young remain in the fresh w or three 
or four years before returnin the sea. 
Some sea lampreys remain in the St. Law- 
rence River or the Great Lakes and never 
Migrate. 

From fresh to salt water. Fels have a 
particularly interesting migration routine. 


The females of the Americal cel, Anguilla 
rostrata, grow up in the lakes, ponds, and 
rivers of eastern North and Central Ameri- 
ca and the West Indies. The males live in 
the brackish waters at the stream mouths. 

After remaining for 7 to 12 years in 
fresh water, the females are mature and 
Start in late summer on their migration to 
the sea. If they find the outlets dried up, 
they are able to travel for some distance 
Overland, breathing through the skin. 
From the coast, males and females migrate 
to the Sargasso Sea, reaching it in midwin- 
ter. There they spawn and die. 


By the second summer after their birth, 
the eel larvae, only five centimeters long, 
have reached the river mouths. Here the 
les remain, while the females begin their 
long journey upstream. 

European eels follow a similar routine. 
But their migration takes much longer, 

ince they also spawn in the Sargasso Sea 
nd must travel farther to reach it from 
ieir former river abodes. 

Within the ocean, The ocean fishes that 
ipply the world with so much of its food 
ivel in enormous schools between their 

eeding and spawning areas. 

Cod feed on the rich plankton in the far 
orth, coming south in the fall to spawn 
round Newfoundland and New England, 

off the coast of Norway. In schools 
mbering many millions of fish, herring — 
th the Atlantic and Pacific species— 
ivel inshore to spawn and back to the 
ceper waters to feed. 

European sardines migrate with the 
easons up and down the coast from North 
\frica to the British Isles. The California 


= 
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tels also migrate over great dis- 
inces to spawn. They are 
spawned in the ocean, but live 
until maturity in freshwater lakes 
and rivers, At maturity they return 
to the sea, spawn, and die. 


sardines make long, round-about trips be- 
tween southern Alaska and Baja California 
(Lower California). 

The tiny European anchovy leaves 
North Africa in early spring. Traveling 
close inshore, it goes all the way to Norway 
to deposit its oddly shaped eggs. 


AMPHIBIAN MIGRATIONS 


Most amphibians — toads, frogs, sala- 
manders, newts, and their kin—lead a dou- 
ble life. They are born in water, where they 
remain until they have developed the ability 
to breathe on land. Then they climb ashore, 
later returning to the water to deposit the 
eggs of the next generation. 

The American toad, Bufo terrestris 
americanus, spends the winter hibernating 
in a burrow that may be a long distance 
from the water. When spring comes, the 
males emerge from their burrows. They 
make their way by night to the body of 
water that will serve as the breeding place. 
As soon as they are established, they begin 
to call until females arrive. 


Zollinger ~Tierbilder Okapio 
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After the eggs have been deposited, 
male and female toads return to their feed- 
ing grounds. The tadpoles that hatch from 
the eggs require about two months to de- 
velop toad characteristics so that they can 
go ashore. They then remain on land uniil 
fully mature, before migrating back to the 
water, generally in the third summer of 
their lives. 

Frogs have much the same breeding 
habits as toads. They do not travel as far, 
and they require deeper pools of water for 
their tadpoles. 

The American spotted, or red, newt, 
Triturus viridescens, spends as much as 
three or four years on land as a red eft, 
while attaining maturity. In the early spring 
of its adulthood it loses its red coloring, 
turning a dull brownish green. Though re- 
taining lungs, it develops a skin that aids in 
breathing. It migrates back to the water to 
breed and to spend the rest of its life. Three 
months after the larvae hatch, they have 
developed lungs and are ready to leave the 
water. 

Some salamanders are completely 
aquatic. These include the giant salamander 
of Japan, Megalobatrachus japonicus. This 
creature, which reaches a length of 100 
centimeters, lives in cool mountain 
streams. In midsummer the adult males 
leave their feeding areas, some 180 to 215 
meters above sea level, and go upstream to 
a place as much as 600 meters above sea 
level, where the stream is only 1¥4 or 14/2 


meters wide and 10 to 20 centimeters deep. 
They then dig deep burrows in the bank 
and wait for the females to arrive. After lay- 
ing their eggs, the females return down- 


stream to their feeding places. The males 
brood the eggs for the two or three weeks 
required to hatch them, before starting their 
return trip. 

REPTILE MIGRATIONS 

Comparatively few reptiles are known 
to migrate. 

Turtles. Of the migratins species, all 
are marine except the huge ! long-lived 
Galapagos turtles, Geocheli lephanto- 
pus, which dwell on the Galápagos Islands 
off the coast of Ecuador e giants 
breed during the spring rainy <cason, de- 
positing their eggs in the sandy | of level 


valleys. Here they spend the summer. 


When the dry season conies and the 
valley grasses become withered, the Gala- 
pagos turtles climb up the steen mountain 
slopes with their young to an a le of 600 
meters or more, where pastures are kept 
green by the moist trade wind ext spring 
all the animals, young and old, descend to 
the flat again, using trails that appear to 
have been established for ages. Some of the 


turtles have to travel for days to reach the 
valleys from their preferred plateau 

All turtles deposit their s in bur- 
rows or nests on land. There female 
sea turtles have to migrate from the water 
every spring. The green turtles. Chelonia 


Galápagos tortoises. These huge animals breed in valleys during the rainy sea- 
son. When the dry season comes, they move to higher altitudes in order to feed 
on moist mountain vegetation. 
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mydas, with shells that look like huge hem- 
lock cones, leave the ocean and travel up a 
stream for several kilometers to find a suit- 
ble sandy bank. The female of the North 
\merican freshwater yellow-bellied turtle, 
Pseudemys scripta, migrates in the summer 
ne distance from the water to build a bot- 
shaped nest for her eggs. The young 
hatch in the autumn and remain in the nest 
over winter. In the following spring, they 
lig out and go down to the water. 
Snakes. Snakes that lead a marine life 
> apparently not so completely dependent 
ea turtles on a land base for their nests. 
vere are two subfamilies of sea snakes. 
1e snakes of one of these —the Laticaudi- 
»—are egg-layers and are found mainly 
und Australia and various adjacent is- 
ands. Some of these reptiles make seasonal 
ips to the shore, where the females depos- 
their eggs. They may spend some time 
iland before returning to the sea. 
Snakes in the other subfamily, the 
i lydrophiinae, produce living young. They 
re more widely distributed. They are most 
ibundant in Indonesian waters, where 
large schools of the small, brilliantly col- 
ored species are sometimes seen swimming 
in long lines, apparently to or from a breed- 
ing place. The females of a few of these 
\pecies move on to small rocky islets to 
bring forth their young. 


MIGRATION OF SNAILS AND CRABS 


There are few examples of true migra- 
tions among invertebrates, or animals with- 
out backbones. Various marine snails mi- 
grate up rivers in the summer and retreat to 
the ocean in winter. Others come to the 
shallows off the coast in spring and seek 
deeper water when winter approaches. It is 
thought that such migrations may account, 
in part at least, for the evolution of freshwa- 
ter species from marine forms and of land 
species from aquatic forms. These freshwa- 
ter and land species may have developed 
from migrants that failed to return. 

Most crabs are marine, but many can 
adapt themselves to fresh water. Some 
dwell upon the land. The land crabs are 
likely to return to the sea to deposit their 
eggs. In the spring, robber crabs, Birgus 


latro, living in various islands of the Pacific 
and Indian Oceans, can be seen moving 
steadily in a straight line, over instead of 
around obstructions, to the coast and into 
the water. After breeding, the crabs return 
to the land. The young larvae have to de- 
velop in the water through several stages 
before they are able to migrate inland. 

The blue crab, Callinectes sapidus, 
spends the winter along the continental 
shelf off the east coast of North America. 
In the spring, it moves toward shore and 
often makes its way up streams through the 
brackish water in search of food. On the 
Pacific coast, tagging experiments on the 
coastal crab, Cancer magister, have shown 
that it may travel as far as 130 kilometers in 
six months. 


INSECT MIGRATIONS 


The monarch butterflies, Danaus plex- 
ippus, are true migrants. They are widely 
distributed throughout the United States 
and Canada and are now found in other 
countries as well. Their travels have at- 
tracted the attention of a great many peo- 
ple — particularly tourists in central Califor- 
nia. Each October, hordes of the butterflies 
from unknown places in the north arrive at 
their usual wintering sites. The chosen sites 
are about a dozen small and isolated groups 
of trees along the central California coast. 
The insects settle on leaves and twigs about 
six meters from the ground. At Pacific 
Grove, California, it is estimated that 10,000 
butterflies mass on five small branches, 
usually the same branches each year. They 
remain there throughout the winter. Cold 
spells kill many of them; on warm days, 
they fly around and occasionally sip from 
flowers. In April, a few individuals take off 
for the north. In a month’s time, the trees 
are deserted. 

As the monarch butterflies start north, 
the mass movement effect is lost. Appar- 
ently many individuals deposit eggs on their 
way north and die before they reach their 
place of origin. Butterflies developing from 
these eggs continue their course northward. 
Some of them also deposit eggs and die on 
the way. The butterflies that finally reach 
the northern breeding area include a few of 
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the original migrants, some of the second 
generation, and most of the third. 

It is sometimes difficult to tell whether 
a genuine migration takes place in the case 
of various invertebrates. Consider the sev- 
enteen-year locust, or cicada, for example. 
The females insert their eggs in the twigs of 
trees or shrubs. The young that hatch from 
the eggs are wingless creatures called 
nymphs. They drop to the ground and pro- 
ceed to burrow into it. Thereafter they 
remain underground, traveling from one 
root to another and feeding on root tissues. 
After 17 years have elapsed, the nymphs 
make their way to the surface of the 
ground, climb up tree trunks, cling to the 
bark, and are transformed into winged 
creatures. What shall we call the trip from 
tree branches to underground roots and the 
return trip? Shall we say that a migration 
has taken place? 

Everyone has seen the wingless gener- 
ations of plant lice, or aphids (family Aphid- 
idae), on house or garden plants. Some of 
you may also have seen the swarming of a 
winged form. In the development of these 
different generations, aphids go through 
what is apparently a form of migration. 

Many generations of aphids are pro- 
duced in a summer, and any given one may 
differ considerably from those preceding 
and succeeding it. In one of the generations 
coming out in the spring, the females have 
wings. They fly away to a plant, usually an 
annual, belonging to a different species 
from that of the plant they left—usually a 
perennial. On the new host, several wing- 
less generations will be born parthenoge- 
netically (from unfertilized eggs), live, and 
die. 

In the fall, when the annual plant is 
about to die, a generation of winged aphid 
males and females will be produced. These 
will mate and the females will fly back to 
the plant on which their ancestors lived. 
There a few generations will be born vi- 
viparously. That is, the female will produce 
living young from within her body. Then 
eggs will be laid; these will hatch the fol- 
lowing spring. Winged females of one of the 
spring generations will seek out another 
annual, 
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ONE-WAY TRIPS 


Entomologists generally give the name 
“migrations” to mass movements of in- 
sects, such as locusts, from their place of 
origin, even though flights of ‘his kind are 


one-way trips, as far as we kno 


The mass movements of i} custs have 
been devastating the world for untold ages, 
but their actual pattern was not earned un- 
til the 1920s. At that time, B Uvarov of 
the British Museum, workin; a Staff of 
trained observers, discovered -nat the mi- 
gratory locust of the Old Wor was only 
a dark-colored form of the 1, nonmi- 
gratory, solitary grassho; This is 
also true of the migratory locust of North 
America. 

After several generatio f normal 
green grasshoppers have ised the 
population of an area to a c: ı point, a 
large percentage of the succ g genera- 
tion will be dark-colored. The- dark-col- 
ored insects will launch upon trial cir- 
culatory flights. They will then n a body 
toward new territory. In the | d States, 


the locusts travel from the Ko. «vy Moun- 


tains eastward. They fly high, coming down 
to feed and rest, and eventually reach the 
Missouri Valley, where they deposit their 
eggs. 

It is not known whether cr not the 
grasshoppers that hatch from these eggs 
survive, or, if they do survive, whether they 


or succeeding generations make r way 
back to the Rockies. In any eveni, enough 
normal green-colored grasshoppers have 
been left in the original breeding grounds to 
ensure that there will eventually be another 
migrating brood. 

Some insect mass movements are still 
a complete mystery to entomologists. Some 
years ago, for example, the American natu- 
ralist Charles William Beebe and his staff 
watched spellbound as thousands of mil- 
lions of all kinds of insects streamed south 
through the narrow Portachuelo Pass in 
north-central Venezuela. The migration 
continued night and day from May through 
September. It was apparently a one-way 
exodus, for no mass movement back to the 
north was ever noted. 


FOSSILS 


About 550,000,000 years ago: small 
crustaceans called trilobites crawled along 
the ocean floor. 

_175,000,000 years ago: large, often 
terrifying reptiles called dinosaurs roamed 
the land. 

_ No human being has ever seen a living 
trilobite or dinosaur. How, then, can we say 
that these animals once lived on earth? 

} 140,000,000 years ago: a pheasant- 
sized creature named Archaeopteryx 
climbed trees and glided from branch to 
branch. Scientists believe that this animal 
was the ancestor of all living birds. 

50,000,000 years ago: flesh-eating 
mammals called miacids lived in the forest. 
Scientists say that miacids were the ances- 
tors of today’s carnivores. 

But no human being has seen a living 
Archaeopteryx or miacid. How can scien- 
tists believe that modern animals had such 
ancestors? 

As animals and plants die, they leave 
behind evidence of their existence. Some, 
such as jellyfish, may leave imprints in sand 
that slowly turns to rock. Others, such as 
trilobites and tree trunks, may actually turn 
into rock. 

Such remains, impressions, and molds 
of animals and plants are called fossils. The 
great majority of fossils have been found in 
sedimentary rock —that is, rock formations 
derived from sediments laid down in 
streams and seas of past ages. Some fossils 
have been discovered in ice, frozen ground, 
and oil seeps. r 

We are able to reconstruct the history 
of life from the study of fossils. Fossils 
have given us a vast amount of information 
concerning ancient animal and plant life. 
They have also helped to determine the rel- 
ative ages of the rock formations in which 
they have been found. 

The study of fossils is called paleontol- 
ogy —the “science of ancient living things. 
This comes from the Greek words palaios, 
meaning “ancient,” and onta, meaning “ex- 


isting things.” 


The American Museum of Natural History 


The British Museum of Natural History 


From rare finds of complete fossilized skeletons. 
paleontologists can make fairly accurate guesses 
concerning the animal's appearance Top: a ptero- 
dacty! skeleton. Bottom reconstruction 
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KINDS OF FOSSILS 


There are various kinds of fossils. 
Some represent the actual remains of ani- 
mals or plants —usually the hard parts, such 
as teeth, bones, and shells, which have 
remained after the soft parts have decayed. 
It is true that entire bodies of woolly mam- 
moths have been found preserved in ice and 
frozen mud in Siberia. But these particular 
remains are not old geologically. 

The commonest animal fossils are 
shells. Many are shells of tiny, one-celled 
animals called foraminifers, so small that 
they must be studied under a microscope. 
These are often abundant in oil deposits 
and their study is particularly useful in the 
search for oil. Larger shells, such as those 
of snails and clams, are also common as 
fossils. So are the hard parts of corals, sea 
lilies, lamp shells, and relatives of the 
chambered nautilus. These shells are com- 
posed of calcareous (limy) material. They 
are often preserved in the rocks without 
chemical change. 

Many times, however, drastic changes 
have taken place in the shells. Mineral- 
bearing water seeping through the rocks 
has replaced the lime with other sub- 


Brachiopods were common forms of animal life 
from Cambrian time until the Devonian period. 


Courtesy of the American Museum of Natural History 
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Plant matter can be fossilized u r certain con- 
ditions. The swirling designs are j algae. 
stances, especially silica (silicon dioxide). 
As a result, the fossil may retain the exact 
form of the original shell but contain none 
of the substance that composed the shell 
when the animal was alive 

Often the seeping ground water dis- 
solves the buried shell fossil without replac- 


ingit. Then a cavity is left in the rock. T. 
cavity preserves the shape of the fossil; it 
serves as a natural mold. By filling in the 
cavity in the rock, the paleontologist may 
obtain an accurate plaster cast of the orig- 
inal fossil. 

Bones and teeth are also common ani- 
mal fossils. Bones may be preserved with- 
out much change, except that the organic 
material that once filled cavities and mi- 
croscopic spaces in the bone decays and 
disappears, leaving only the hard, mineral 
substance of the bone. Usually the spaces 
left empty by decay become filled with 
some other mineral, such as lime or silica. 
The bone becomes harder and heavier and 
is said to be petrified. Actually, however, It 
has not really turned to stone. The original 
hard, bony substance is still there and the 
only important change is that something 
has been added. 

Teeth are usually preserved with even 
less change, because they are harder than 


yh 


bone to begin with and contain fewer mi- 
croscopic spaces. Only infrequently are 
original tooth and bone substances entirely 
replaced by other substances. Only infre- 
quently, too, do they dissolve, leaving 
molds. 

Fossil jellyfish and plants may be pre- 
served as imprints. Impressions of leaves 
are especially common. These may be sim- 
ply molds left after the surrounding rock 
has hardened and the substance of the leaf 
has decayed and disappeared. Often, how- 
ever, some of the original leaf substance is 
left in the form of a brown or black film 
of carbon. 

When a large mass of vegetation is bur- 
ied, time, pressure, and heat in the crust of 
the earth may turn it into coal. The form of 
the original plants is seldom visible in a 
piece of coal. In certain cases, however, the 
structure of the plants is preserved and can 
be made visible again by special pro- 
cedures. 

A most interesting type of plant fossil 
is petrified wood. This is how it is formed: 
a stem, trunk, or sometimes a root is bur- 
ied in the ground. Percolating water slowly 
fills porous spaces in the wood with mineral 
matter. Finally, the woody substance itself 
is replaced by minerals. The petrifying, or 
stone-making, substance is usually a form 
of silica, as in the well-known petrified for- 
est in Arizona, in the United States. 


Courtesy of the American Museum of Natural History 


Opalized wood. Wood may be petrified when water 
containing mineral salts seeps through the wood. 
The minerals remain in the woody tissues. 


There are various other types of fos- 
sils. Fossil footprints and trails are present 
in certain deposits. If an animal walked or 
crawled over soft mud or sand and this was 
covered over by another layer of sediment 
before the trail was wiped out, the track 
may still be preserved after the whole de- 
posit has hardened into rock. Dinosaur 
tracks have been found in various places, 
and these have supplied a certain amount of 
information about dinosaurs whose bones 
are unknown. 

Eggs are a rare type of fossil. Perhaps 
the most famous are the dinosaur eggs 
found in the Gobi Desert in Central Asia. 
Stomach stones, called gastroliths, may 
also be fossils, though this has been dis- 
puted by some. The gastroliths are highly 
polished pebbles. Supposedly, they were 
swallowed by dinosaurs and served to grind 
the food gulped down by the animals. They 
were polished in the course of the grinding 
process. 

Molecules representing some of the 
original chemical constituents of once-liv- 
ing organisms have often been left in the 
rocks that at one time formed the environ- 
ment where these organisms flourished. 
From such molecular remains, chemists 
have attempted to reconstruct the original 
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Courtesy of the American Museum of Natural History 
Top: fossil of a species of giant fern. These plants, 


which grew 300 million years ago, are the basis of 
the coal industry, Bottom: a trilobite cast. 
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compounds and then compare them with 
those of modern organisms. In this way, 
some idea of the life processes of ancient 
plants and animals may be obtained. 


GEOLOGICAL TIME SCALE 


In our study of fossil life forms, we use 
the geological time scale, which has been 
worked out to show the events in the 
earth’s history. The chief divisions in the 
scale are eras, periods, and epochs. Here 
we deal only with eras and periods. 

The eras, the largest of the scale divi- 
sions, are separated from each other by 
great revolutions, which were times of ex- 
tensive changes — mountain-building, conti- 
nental uplifts, and retreats of the seas. The 
revolutions were not catastrophic events 
but, rather, a continuous series of changes 


that created new environmental conditions. 
These conditions caused the rise of new life 
forms and the extinction of many older 
forms that could not adapt. The process 


was repeated several times. 

Within each of the eras, there were 
lesser events, known as disturbances (that 
is, disturbances in the earth's crust). They 
were less widespread and less far-reaching 
in their effects than revolutions, but they 
also marked definite breaks in the geologi- 
cal record. These disturbances separated 
the various periods of geological time. 


PRE-CAMBRIAN TIME 


As we shall see, the name Cambrian is 
given to the first period of the Paleozoic 
era. The tremendously long span of time 
that elapsed from the first rock records to 
the Cambrian period is generally called 
Pre-Cambrian time. It lasted until 600,- 
000,000 years ago. h 

By the beginning of the Cambrian peri- 
od, the invertebrates (animals without 
backbones) were already well along the 
evolutionary path. The question arises: 
“Where and when did these quite highly 
organized invertebrates originate?” Ob- 
viously there must have been ancestral 
types of all these forms in Pre-Cambrian 
time. Yet fossil remains of these ancestral 
forms are few and far between in Pre- 
Cambrian rock formations. Probably the 


chief reason is that these early animals 
were mostly soft-bodied and had few, if any, 
structures that would resist decay. By the 
beginning of the Cambrian period, the in- 
vertebrates began to possess shells and 
skeletal structures that could be preserved 
as fossils. 

Most of the scanty remains of life in 
Pre-Cambrian time were of plants, particu- 
arly algae. It is generally believed that the 
formations known as stromatolites (‘‘layer 
stones’’) represent the fossils of certain al- 
gae. According to one theory, these plants 
ived in colonies; limy substances settled 
upon the colonies and built up replicas of 
them. Specimens from western Australia 
were confirmed in 1980 to be about 3.5 bil- 
ion years old. There is other evidence that 
algae existed in Pre-Cambrian time. Bis- 
cuit-shaped masses found in Pre-Cambrian 
rocks seem to consist of layers of shells 
hat once covered the cells of algae. Re- 
mains of fungi have also been found. 

There is less evidence of animal life in 
the Pre-Cambrian. Filled worm burrows 
indicate the existence of worms. Remains 
of sponges have been discovered in lime- 
stone about 1 billion years old. 

Pre-Cambrian time was ended by the 
Killarney Revolution, a time of worldwide 
continental uplift and erosion. From the 
end of Pre-Cambrian time to the beginning 
of the Paleozoic era, there is a tremendous 
break in the rock record. 


THE PALEOZOIC ERA 


The Paleozoic era lasted well over 
300 million years—from 600 million years 
ago to 230 million years ago. At its begin- 
ning, there were practically no land-dwell- 
ing animals or plants, and only a limited 
number of species were to be found in the 
sea. By the end of the era, both animals and 
plants had become established on land, and 
many different species flourished in the 
seas of the world. The Paleozoic era 1S di- 
vided into seven periods: the Cambrian, 
Ordovician, Silurian, Devonian, Mississip- 
pian, Pennsylvanian, and Permian. | 

The Cambrian period. The continents 
were invaded by the sea; by the end of the 
Cambrian, a good deal of what is now 


North America was under water. The cli- 
mate was generally warm, though it is pos- 
sible that glaciers appeared in certain areas. 
The period was ended by the Green Moun- 
tain Disturbance in northeastern North 
America and considerable mountain-mak- 
ing on the European continent. 

Generally speaking, there is practically 
no direct evidence of land animals or plants 
in the Cambrian period, though primitive 
spore-bearing land plants seem to have 
occurred in several areas, Both animals and 
plants, however, were to be found in con- 
siderable abundance in the sea. The plants 
known as calcareous algae were quite 
widely distributed, and reefs were built up 
in various areas from their shells. 

The only animals represented in the 
sea were invertebrates, The most highly 
developed forms were the trilobites. These 
were arthropods, probably distantly related 
to the modern horseshoe crab. The trilo- 
bites were quite flattened. They possessed a 
head, thorax, and tail. A pair of lengthwise 
grooves seemingly divided the animal into 
three distinct lobes, or rounded divisions; 
hence the name “‘trilobites."’ They gener- 
ally ranged in length from two to 10 centi- 
meters. They lived on the bottom of shal- 
low seas and probably fed on organisms 
found in the mud. 

Another important Cambrian inverte- 
brate group, the brachiopods, superficially 
resembled small clams, though they dif- 
fered from them in the arrangement of their 
shells and in their internal structure. They 
dwelt in great profusion in various parts of 
the sea, anchoring themselves to the sea 
floor by means of stalks, More than 225 
varieties of brachiopods still live in the seas 
today. 

Spongelike animals called archaeocy- 
athids (‘old cups”), with outer walls 
and sometimes also inner walls of calcite 
(calcium carbonate), flourished during 
this period. Some looked like saucers, 
others like cylinders. They grew over one 
another and in the course of time built 
up massive reefs, which are found today 
in many parts of the world. One deposit 
in Australia is some 650 kilometers in 


length. 
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both photos, the Smithsonian Institution 


Top: fossil of a cephalopod resembling a cham- 
bered nautilus shell, Bottom: insects were often 
caught in sticky residues like amber. When the 
amber hardened, the insects were preserved in- 
tact. Here, a fly has been caught 


Worms must have flourished in the 
Cambrian, since traces of their burrows are 
found in sandstone in widely separated 
areas. Other invertebrates play but a minor 
part in the Cambrian fossil record, not nec- 
essarily because they were rare but because 
they had not developed shells that could be 
preserved as fossils. As evidence of the 
wealth of such apparently minor forms, we 
find hosts of invertebrates preserved in the 
form of carbonized films in the shale beds 
of a quarry near Burgess Pass in British 
Columbia, Canada. These films show not 
only the outer shape but also the internal 
structure of glass sponges, worms, sea 
cucumbers, and other forms of animal life. 

The Ordovician period. The conti- 
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nents, particularly North America, were 
widely submerged by shallow seas during 
this period. At the same time warping of the 
earth’s crust lifted vast areas of the land 
above the ocean surface. As a result, the 
shorelines were constantly shifting. The 
period was ended by the Taconic Distur- 
bance in eastern North America. 

In the Ordovician period, life still 
flourished chiefly in the seas. There is still 
no conclusive evidence of either plant or 
animal life on land. As in the Cambrian pe- 
riod, the principal marine plants were the 
algae. 

Trilobites and brachiopods were still 
among the most important sea-dwelling 
invertebrates. In fact, the trilobites attained 
their highest development at this time, A 
number of other invertebrates now became 
prominent. Among them were the grapto- 
lites, which formed branching structures, 
Floating graptolite colonies drifted across 
wide expanses of the ocean, and their fossil 
remains have been found in many different 
places. These mysterious creatures have 
been long extinct. True corals now ap- 
peared and formed reefs, which are pre- 
served in limestone. Brachiopods evolved 
into a number of different species. Mol- 
lusks—gastropods, clams, and cephalo- 
pods—were also to be found in consider- 
able numbers, 

Echinoderms, the group to which 
modern starfishes belong, were represented 
by the crinoids, or sea lilies. These plantlike 
animals anchored themselves by means of 
stalks or stems to the bottom of the sea or 
to shells or other hard surfaces. 

Primitive fishes first appeared in the 
Ordovician period. They were the earliest 
known vertebrates. These fishes, known as 
ostracoderms hell-skinned animals”), 
had no jaws. The mouth was simply a hole 
or slit in the head. Paired fins were absent. 
Thick plates covered the head. There were 
bony scales on the trunk and tail. The ostra- 
coderms were related to the modern forms 
called lampreys and hagfishes. 

The Silurian period. The sea alternate- 
ly advanced and retreated during this peri- 
od. A great deal of volcanic activity too 
place. The world climate was generally 


mild; some areas were arid. The end of the 
period was marked by the Caledonian Dis- 
turbance in Europe; it resulted in the rise of 
the Caledonian Mountains, Large-scale 
mountain building also took place in north- 
ern Africa and east central Asia. 

In Silurian-period fossils we find the 
first signs of land-dwelling animals, These 
were scorpions and millipedes. The oldest 
definite land plants also date from the Sil- 
urian. Fragmentary remains of bits of stems 
ind small leaves, going back to this period, 
have been found in England and Australia. 
Soft-tissued plants, such as certain algae, 
may also have appeared on land during this 
time, but they left no traces. 

Marine invertebrates still dominated 
the seas, though primitive fishes were well 
represented. The trilobites and graptolites 
had declined considerably. Other inverte- 
brate forms, however, showed a marked 
expansion. The corals developed many new 
species; the reefs formed by their skeletons 
were widely distributed. Sea lilies abound- 
ed. They were especially prolific in the cen- 
tral Mississippi valley in North America, 
where broken stems are everywhere to be 
found in limestone formations. The euryp- 
terids, or sea scorpions, were also very 
common in certain areas. Most species 
were comparatively small, ranging up to 30 
centimeters in length. A few species were 
far larger; Prerygotus buffaloensis attained 
a length of approximately two meters. 

The Devonian period. The seas food- 
ed large continental areas at one time or 
another during this period, but they subsid- 
ed toward its end, The climate was gener 
ally mild; certain areas were very dry 
There was marked volcanic activity, The 
Acadian Disturbance, an active period of 
mountain building, began about the middle 
of the period and brought it to a close, 

Land plants, which had first definitely 
appeared in the Silurian period, became 
common in the Devonian. Some of the prim- 
itive Devonian trees have left petrified 
stumps more than 60 centimeters in diame- 
ter, which indicates that these plants must 
have been quite tall. Among the common 
trees were certain evergreens and scale 
trees. There were also primitive ferns, 
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Fossil remains of an alligator This reptile lived in 
South Dakota during the Oligocene epoch, be 
tween 25,000,000 and 36,000.000 years ago 


horsetails, and scouring rushes, The first 
forests now began to clothe land areas 

As in earlier periods, animal life was 
particularly abundant in the sea. Marine 
invertebrates were still plentiful, Brachio 
pods reached the height of their develop 
ment, Corals continued to flourish and to 
carry on their reef-building activities. In the 
Devonian, there were some unusually large 
corals; certain individuals were as much as 
7Ya centimeters in diameter and 60 centi 
meters high 

The ammonites, belonging to the ce 
phalopod group, first appeared in this per 
od. Their shells, which were divided into 
chambers, vaguely resemble rams homs 
(The Egyptian god Ammon is often repre 
sented with a ram's homs; hence the name 
of the animals.) Starfishes were increasingly 
well represented, Trilobites were on the 
decline 

Fishes teemed in the Devonian seas 
The jawless ostracoderms still perusted 
But now another type of fish, the place 
derms ("plate skins”), came to the fore 
They had heavy armor and well developed 
jaws; some of them were sharklike in ap 
pearance. The earliest true sharks go back 
to the Devonian period, They were rather 
small, averaging only a meter or so in 
length 
Offshoots of the sharks, called arthro 
dires, attained large size and were the big 
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gest animals of the period. The best-known 
arthrodire was Dinichthys, which reached a 
length of about nine meters. With its large 
head and broad mouth, it looked somewhat 
like a catfish. Armor, made up of bony 
plates, covered its head; some of the plates 
covering the jaws took the place of teeth. 

The true, or bony, fishes also appeared 
in the Devonian. They have become the 
dominant modern fishes. The interesting 
lungfishes were quite common at this time. 
In these bony fishes, the swim bladder was 
connected with the throat and formed a sort 
of primitive lung. If the ponds and streams 
in which they lived became stagnant and 
lacking in oxygen, the lungfishes would 
come to the surface and take a gulp of air, 
thus obtaining their oxygen supply. 

Lungfishes belonged to the group 
called the Choanichthyes. The lobe-finned 
fishes, or Crossopterygii, also were members 
of this group. In these fishes, each of the 
paired fins had a lobed or rounded base of 
flesh, from which jointed bones extended. 

The first land vertebrates appeared in 
the Devonian. These animals, which were 
descended from the lungfishes, were am- 
phibians called stegocephalians, or “roof- 
headed animals,” because their skulls were 
covered by bony armor. They crawled 
along on small weak legs, which extended 
outward from the body. One of the late- 
Devonian stegocephalians —/chthyostega 
—attained a length of about 112 meters. 

The Mississippian and Pennsylvanian 
periods. These periods were characterized 
by the development of huge swamps. How- 
ever, conditions varied widely from one 
area to another and at different times. 

Plants related to modern ferns, club 
mosses, and scouring rushes thrived. There 
were also primitive seed plants, frequently 
referred to as seed ferns, for they had fern- 
like leaves but reproduced by seeds instead 
of spores. 

In various swampy areas, the vegeta- 
tion developed into dense, tropical forests. 
It is to those forests of the Mississippian 
and Pennsylvanian periods that we owe 
many of our coal deposits. For this reason, 
the name “Carboniferous (coal-bearing) 
period” is sometimes given to the two peri- 
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ods in question. We shall consider them 
together in these paragraphs. 

In the dense forests, anima! life was 
abundant. There were great numbers of 
insects, including dragonflies and cock- 
roaches. They were remarkable for their 
large size. A dragonfly found in Belgium, 
for example, had a wing spread of about 75 
centimeters. Most of the insects were prim- 


itive. The cockroaches were an excep- 
tion, however. They were much like their 
modern descendants except that they were 
larger, attaining a length of ten centimeters 
or so. 

Primitive amphibians, looking like gi- 
gantic salamanders, thrived in great profu- 
sion in the swamps. Toward the close of the 
Carboniferous period, there evolved from 
the amphibians a group of primitive land 
reptiles that were lizardlike in appearance. 
They became the ancestors of the great 
dinosaurs of the Mesozoic era and also of 
the mammals, which evolved late: 

Life was as abundant as ever in the 
seas. The sea lilies (crinoids) flourished: 
their plates contributed to the thick lime- 
stone formations known as crinoidal lime- 
stones. The foraminifers emerged as impor- 
tant rock-makers. These tiny one-celled 


animals had shells, known as fesfs, with one 
or more openings in various sections. Pseu- 
dopods (extensions of soft living substance) 
protruded through the tests. Fishes were 
plentiful. The cestriacont (‘‘shell-crush- 
ing”) sharks reached a high stage of de- 
velopment. They were the ancestors of the 
modern Port Jackson shark. 

The Permian period. The seas retreat- 
ed during much of this period, and the con- 
tinents rose. There were great extremes in 
climate; vast areas became arid, while in 
other regions there was heavy rainfall. At 
intervals, the climate became much colder 
and extensive regions became covered with 
sheets of ice. 

The swamp-dwelling plants of pre- 
vious periods were replaced more and more 
by hardier stocks that could withstand the 
cold. True conifers, or cone-bearing trees, 
became the most important group of woody 
plants. There were also great numbers of 
cycads, trees suggesting date palms. 


Fossil of a eurypterid. Euryp- 
terids are an extinct group of 
water scorpions. 


Insects decreased considerably in size 
and were more varied than before. The 
amphibious stegocephalians, which had 
first appeared in the Devonian, flourished, 
reaching lengths of about three meters. 

Reptiles increased both in number and 
variety. They were all four-legged; they 
generally had long bodies and tails and 
short legs. Some were quick in their move- 
ments. Others were sluggish. The flesh-eat- 
ing reptiles known as theriodonts are of 
particular interest because they were the 
ancestors of the mammals. Like mammals, 
they had teeth consisting of incisors, ca- 
nines, and molars. Their skulls, too, were 
mammal-like. 

The trilobites and certain other marine 
invertebrates that had once been abundant 
became extinct by the end of the Permian. 
The brachiopods, flourishing at the begin- 
ning of the period, dwindled greatly in 
importance by its end. Many coral varieties 
died out. Cephalopods were prominent; the 
forms known as ammonites showed steady 
development. Fishes were still abundant in 
the seas and freshwater forms became more 
important. 2 

The Permian period and the Paleozoic 
era, of which the Permian formed part, 
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came to an end with the Appalachian Revo- 
lution. There are indications that this revo- 
lution was a long drawn-out affair, lasting 
more than 1,000,000 years. It was a crucial 
period in the history of the earth and its liv- 
ing things. Great continental uplift began 
and large mountain ranges were formed. 
The continental seas were drained; deserts 
appeared in many regions. Many Paleozoic 
animal and plant species could not adapt to 
the new environments and became extinct. 


THE MESOZOIC ERA 


After the uplift of the continents in the 
Appalachian Revolution, at the close of the 
Paleozoic era, more settled conditions be- 
gan to prevail. New groups of plants and 
animals now evolved. The primitive ferns 
and allied plants gave way to more modern 
types; the seed ferns to cone-bearing 
groups and cycads. The ancient amphibians 
disappeared and were replaced by reptiles. 
The latter came to dominate the earth in the 
course of the Mesozoic era. Hence this era 
is sometimes called the Age of Reptiles. 

The Mesozoic lasted from 230,- 
000,000 years ago to 63,000,000 years ago. 
It is divided into three periods: the Triassic, 
Jurassic, and Cretaceous. 
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The Triassic period. The climate ranged 
from mild to subtropical during much of 
this period. The forests were made up 
chiefly of conifers, much like the modern 
varieties, and of cycads. Ferns and scour- 
ing rushes abounded in the undergrowth. 
The flowering plants, or angiosperms, may 
have originated in this period. 

Land vertebrates were evolving rapid- 
ly. The stegocephalians reached their high- 
est development in the early Triassic, but 
they could not meet the competition of the 
reptiles, which could adapt far more effec- 
tively to different environments. 

This period saw the rise of the reptiles 
known as dinosaurs (‘terrible lizards”). 
The legs of other reptiles sprawled outward 
from the sides of the body. The legs of the 
dinosaurs were under the body, which was 
carried off the ground; hence they were 
able to move about rapidly. They could 
walk on all fours. But when speed was nec- 
essary, they could run on their powerful 
hind legs, with their thick tails providing 
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Courtesy of the American Museum of Natural History 


Artist's conc agroup 
of Cladose! hich are 
believed to cestors 
of modern 
balance. Dinosaurs did not reach heir full 
development in the Triassic erally 
they were quite slender and did exceed 


4/2 meters in length. 

The reptiles also invaded the seas. 
Ichthyosaurs (‘‘fish-lizards”’) me abun- 
dant in the seas of the late Tria 
were long, sleek creatures, reser ig dol- 
phins. They had flipperlike limbs and were 
excellent swimmers. The ichthyosaurs fed 
on fish, squids, and other marine animals. 
They ultimately reached a length of nine 
meters and were the largest animals of the 
period. Another inhabitant of the Triassic 
seas was the plesiosaur (“almost-lizard”). 
It was a wide-bodied creature, which pad- 
dled with its flippers after the fashion of a 
turtle. It had a short tail but a very long 
neck, which it could dart out at its prey. 

The ocean waters teemed with vast 
numbers of ammonites. They showed a 
great variety of forms and some of them 
attained considerable size. Clams and gas- 
tropods were common. Reef-building cor- 


als were active. Squidlike cephalopods 
made their appearance. The period saw the 
rise of modern varieties of starfishes and 
lobsters; however, they did not become 
abundant until later, Brachiopods were rap- 
idly disappearing from the seas, 

The Jurassic period. Shallow seas 
swept over much of the continental area, 
The climate was generally warm and hu- 
mid. There were huge forests of pines and 
other conifers, ginkgoes, cycadlike trees, 
and tree ferns, with ferns and rushes in the 
undergrowth. The first definite evidence of 
flowering plants goes back to this period. 

Reptiles now won complete domina- 
tion over other land dwellers, they compet- 
ed with the fishes in the sea, and they invad- 
ed the air. Some of the dinosaurs were very 
small. Others attained tremendous bulk and 
strength. Their brains, however, were negli- 
gible in size, weighing less than 500 grams, 
on the average. 

Most dinosaurs were herbivorous (that 
is, plant-eating) and walked on four legs. 
The giant of the group was Brachiosaurus, 
which was 23 meters long, stood 13/2 me- 
ters high, and weighed 85 tons or there- 
abouts. Brontosaurus, which was approxi- 
mately 21 meters long and weighed some 
35 tons, was also most impressive in size. It 
had a long neck and tail and walked on pil- 
larlike legs. Related to Brontosaurus was 
Diplodocus, which reached a length of 26 
meters but was comparatively slender, 
weighing only about 20 tons or so. Another 
herbivore, the sluggish Stegosaurus, de- 
veloped armor. Two rows of bony vertical 
plates extended along the neck, back, and 
tail; the tail also had four upright spikes. 
However, the formidable armor protected 
only the back. The sides of the animal were 
covered with leathery skin and were quite 
vulnerable. , 

Other dinosaurs of the period were 
carnivores, or flesh-eaters. They walked on 
two legs, balancing themselves with their 
massive tails. Some of them were small; 
others were huge. Largest of all was the 
fierce Allosaurus, which was 102 meters 
long. The lower jaw of this monster was 
hinged far back on the skull. As a result the 
animal could take huge bites and gulp down 


great chunks of food. It preyed on Diplodo- 
cus and other dinosaur vegetarians. 

„The reptiles known as pterodactyls 
(“winged fingers”) took to the air. With 
their leathery wings and naked bodies, they 
were batlike. But they differed from bats in 
various important respects. For one thing, 
the bats are not reptiles, but warm-blooded 
mammals, Again, all the digits of the bat are 
extended to bear the wing membrane; only 
the fourth finger of the pterodactyl was thus 
extended, and the other digits were left 
free. Some pterodactyls had tails; others 
were tailless. In size, these reptiles ranged 
from small creatures no larger than spar- 
rows to animals with a wing spread of more 
than a meter. 

The first bird Archaeopteryx (“an- 
cient wing”)—goes back to the Jurassic 
period. It was about as large as a crow, It 
had birdlike plumage but in other re- 
spects—its teeth, clawed wings, and long 
tail, among other things — it was reptilelike. 

Primitive mammals now appeared on 
the scene. (They may go back to the late 
Triassic.) They were all small, hardly more 
than 30 centimeters or so in length. They 
occurred in many widely separated areas. 
All of them are now extinct. Among these 
mammalian pioneers, the pantotheres are 
especially noteworthy; they gave rise to the 
modern mammals called marsupials and 
placentals. 

Ichthyosaurs and plesiosaurs, which 
had first appeared in the Triassic period, 
now dominated the seas. Among the other 
reptiles found in the sea or in streams were 
turtles and crocodiles. Of the marine inver- 
tebrates, the ammonites were at the peak of 
their development. Also plentiful during 
this time were the squidlike cephalopods 
known as belemnites, Certain sea-dwelling 
invertebrates had now practically attained 
their modern forms; among these were the 
corals, gastropods, true oysters, lobsters, 
sea urchins, and sponges. 

The Cretaceous period. The sea spread 
widely over the continents in the earlier 
part of the period; in North America, it 
covered almost half the land. Then it re- 
treated again. The climate was warm at 
first over most of the earth’s land surface. 
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was the awe-inspiring Tyrannosaurus rex. 
It was some 14 meters long and six meters 
tall, and weighed about 10 tons. It preyed 
on herbivorous reptiles. Certain carnivo- 
rous dinosaurs were much smaller. Stru- 
thiomimus (“‘ostrich-imitator’’) was less 
than three meters tall when it stood erect. 
As its name indicates, it was quite ostrich- 
like in appearance, except for the fact that 
it had four legs and a long tail. 

Other dinosaurs of the period were 
grotesque creatures. Some of them had 
birdlike feet; others, duck-type bills. Pachy- 
cephalosaurus (“thick-headed lizard”), 
one of the herbivores, was a particularly 
odd-looking creature. It had a dome-shaped 
skull adorned with knobs and spines—a 
formidable structure 63 centimeters long 
and 25 centimeters thick. 

Recent studies of dinosaurs have*shed 
new light on their relationship to other ani- 
mals. Scientists have found evidence that 
Some or even most of the dinosaurs may 
have been warm-blooded. To some experts, 
the upright gait of many dinosaurs is a clue 
that they were warm-blooded. Other clues 
include the vast amounts of food the crea- 
tures consumed, and the close physical link 
discovered between a small, carnivorous 
dinosaur’s skeleton and that of the first 
known bird. No evidence is certain, how- 
ever, so the truth remains a mystery. 


The Ornithischia were a group of bird-hipped di- 
nosaurs. During Triassic times these reptiles were 
small, herbivorous, and walked on two legs. Orni- 
thosuchus was a representative of the group. 


British Museum (Natural History) 
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The snakes, which developed from liz- 
ard stock, first appeared in the Cretaceous. 
Their legs had degenerated (as had those of 
certain lizards) and in time were lost. The 
jaws were loosely attached to the skull, and 
the mouth could be opened very wide. The 
snakes have become the mosi progressive 
of all modern reptiles. 

The mammals were still 
unimpressive. This period 1 
of two primitive mammal grou 


small and 
ed the rise 
s: the mar- 


supials, or pouch-bearing r mmals, and 
the insectivores, or insect-eaters. Probably 
all the chief modern orders of insects were 


represented, though fossil remains are rare, 


Pterodactyls attained r greatest 
size in the Cretaceous period. The largest 
known form of flying reptile pterosaur, 
had a wing spread of more than 15 meters— 
as large as that of many air; es. The true 
birds of the period generally had teeth. 
Among them were Ichthyornis, a shore 
bird, and Hesperornis, a large diving bird 
that had lost the power of fl 

The plesiosaurs were prominent in the 
Cretaceous seas. They attained their larg- 
est size during the period, reaching a length 


of 15 meters, of which half was taken up by 


the neck. Ichthyosaurs were not so impor- 
tant as in the preceding period. The fierce 
mosasaurs now became prominent. Super- 
ficially, they resembled the ichthyosaurs, 


but differed in various respects. The flip- 
pers were greatly reduced, and the mouth 
could be opened very wide because of extra 
joints in the lower jaw. The mosasaurs 
reached a length of more than 10 meters. 

The end of the Cretaceous period (and 
the Mesozoic era) some 63 million years 
ago marked the extinction of the dinosaurs 
and of the giant marine reptiles. Among the 
factors that may have contributed to their 
downfall were a drop in temperatures, ris- 
ing highlands, and the disappearance of 
Swampy tracts. One new hypothesis pro- 
poses a major alteration in the global cli- 
mate owing to a mixing of fresh arctic 
waters with the saline oceans. Another hy- 
pothesis proposes an explosive encounter 
with a huge meteor or asteroid that pro- 
duced a dust cloud dense and long-lasting 
enough to cause the extinctions. 


E 


The Ornithischian dinosaurs later adopted a quad- 
ripedal, or four-legged, lifestyle. The early armored 
dinosaur above was derived from a bipedal, or two- 
legged, ancestor similar to the one at right 


THE CENOZOIC ERA 


The Cenozoic, the last of the great eras 
of geologic time, is also the shortest. It is 
commonly divided into two periods: the 
Tertiary, which began 63,000,000 years 
ago and makes up almost the entire era; and 
the Quaternary, only 1,000,000 years long, 
which extends to the present time. 

The Tertiary period. The climate was 
fairly warm at first, but gradually became 
colder. Climatic belts developed. The sea 
intermittently covered parts of the conti- 
nents, but on the whole the continents were 
assuming their present form. The period 
ended with widespread mountain-building 
known as the Cascadian Revolution. By the 
end of the Tertiary, the mountain ranges 
had attained substantially their present ex- 
tent and shape. 

Practically all the hardwood trees and 
conifers of today were represented by the 
beginning of the Tertiary period. Grasses 
had become common. There were vast prai- 
ries, where various animals grazed. 

The Tertiary period marked the spec- 
tacular rise of the mammals. The early 
mammals of the Tertiary were small, short- 
legged, and flatfooted. Their jaws were rela- 
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tively longer than at present and their brain 
capacity was limited. 

In the course of mammalian evolution, 
there was a general increase in size in the 
various groups. The teeth became special- 
ized and in most cases reduced in number, 
and the brain capacity was increased. 

An example or two will illustrate the 
general course of development. The early 
horses were natives of North America. The 
oldest member of the horse tribe, Eohippus 
(“dawn horse”), was a tiny animal, scarcely 
more than 30 centimeters high. It was a 
slender creature, with three toes on its hind 
feet and four on its front feet. In the course 
of its evolution, the horse attained greater 
size and gradually lost toes. By the middle 
of the Tertiary, the animal had three toes on 
each foot. The toes on each side of the cen- 


Dinosaurs laid eggs. Ancient eggs, however, are 
difficult to find. These eggs belonged to a Protocer- 
atops that lived during the Cretaceous period. 


Courtesy of the American Museum of Natural History 
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ter one continued to shorten, until toward 
the end of the Tertiary there was but a sin- 


gle toe on each foot. By this time ihe horse 
had attained the size of a small pony. Some- 
time late in the Tertiary period or during 
the glacial period that followe,!, horses 
spread to Asia by means of a land bridge 
extending from Alaska to Sib Modern 
horses are apparently descen of these 
ancient migrants. 

Catlike and doglike forn i com- 


mon ancestor, but they wer ty well 


differentiated by the middle « ortiary 
period. They were small at f but in- 
creased in size. By the end o! rtiary, 
they were pretty close to ti ies of 
modern times. The doglike ani volved 
into many different types dogs, 


wolves, raccoons, bears, and The 
catlike types developed into tw verging 
groups: the true cats (which to in- 
clude tigers, lions, pumas, | ds, and 


others) and the saber-toothed bbing, 
cats. The upper canines of the r were 
very long and protruded from s and 
were used to stab and tear their 

The Tertiary period also ed the 
rise of primates. The earliest fo o back 
to about the close of the Creta s. They 
were small, tree-dwelling manwsals, de- 
veloping from primitive insect-caters. They 
gave rise to animals that resembled today’s 


lemurs and tarsiers. The latter had greatly 


enlarged brains, forward-looking eyes, and 
other monkeylike features; they were prob- 
ably the ancestors of the true monkeys. The 


oldest known great ape was a form that 
most closely resembled the modern gibbon. 
By the end of the Tertiary, all the great 
apes—gorillas, chimpanzees, orangutans, 
and gibbons — were represented. 

The Quaternary period. In this period 
there was a great Ice Age, divided into four 
epochs, in the course of which the glacial 
ice alternately advanced over a good deal of 
the earth’s land areas and then retreated. 

The last of the Ice-Age epochs came to 
an end only about 10,000 years ago, which 
is but a moment in geologic time. Life con- 
tinued to flourish throughout the Ice Age, 
because the ice never covered more than 
about a quarter of the land area. Besides, 


the interglacial periods (those between ice 
ages) were marked by warm climates. Vari- 
ous forms of life, however, became extinct 
as a result of the changing conditions. 

_ Throughout most of the Quaternary 
period, great game animals roamed over 
much of North America and Europe. Vari- 
ous members of the elephant tribe were 
particularly impressive. Among these was 
the mastodon, which had reached its peak 
development in the Tertiary period. The big 
elephants called mammoths were majestic 
animals, some of which reached heights of 
more than four meters. The tusks of these 
huge beasts grew downward and then for- 
ward in a sweeping arch. Mammoths be- 
came extinct several thousand years ago. 

Buffaloes, including a giant species, 
roamed the prairies. Wild pigs were to be 
found in many parts of North America, and 
modern types of carnivores were well rep- 
resented. Some carnivores that were prom- 
inent during much of the Quaternary are 
now extinct. Among these were the saber- 
toothed cat and large species of wolf 
and lion. 

Unquestionably, the most important 
development in the Quaternary was the rise 
of human beings. Their success has been 
due to several factors: a well-developed 
brain; an erect posture that leaves arms and 
hands free; remarkably versatile hands; and 
skillful use of tools. 

According to present theories, modern 
man, Homo sapiens sapiens, appeared 
some 40,000 to 50,000 years ago. This 
form was preceded by Homo sapiens 
neanderthalensis, a heavy-boned, coarse- 
featured form. These early true humans 
were evolved from Homo erectus, fossil 
remains of which have been found in many 
parts of the world. One of the oldest finds 
was a skull found in Kenya and dated at 
about 1,000,000 years. Hand bones, very 
similar to those of modern man, have been 
found in Ethiopia and dated at 3,500,000 
years. 3 
The most primitive form believed to 
be a direct ancestor of modern man 1s 
Ramapithecus, jaw and teeth remains of 
which have been found in Pakistan and 
dated at about 10,000,000 years. 


Artist's restorations based on fossil evidence. Top 
Dimetrodon, a fin-backed reptile that lived during 
the Permian. Bottom: Pteranodon, a flying reptile 
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S 7 p, Lee 
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Kramer, Jack. Indoor Trees. New York: Hawthorn, 1975; 163 
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How-to and Why Guide to Growing Successful Houseplants. 
New York: Saturday Review Press, 1975; 365 pp., illus.— 
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emphasis on proper selection. 


Major, Alan. Collecting and Studying Mushrooms, Toad- 
stools and Fungi. New York: Arco, 1975; 268 pp., illus. —The 
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Milne, Lorus J., and Margery Milne. Because Of a Flower. 
New York: Atheneum, 1975; 152 pp., illus.—Well-written and 
well-illustrated text exploring the role of flowering plants in 
nature. 


Pringle, Laurence. Water Plants. New York: Crowell, 1975; 
32 pp., illus —An introduction to the plants commonly found 
in freshwater ponds; for the younger reader. 


Rahn, Joan Elma. How Plants Are Pollinated. New York Ath- 
eneum, 1975; 135 pp., illus.—Concise description of the 
mechanisms of pollination; for ages 10 to 15, 


Silverstein, Alvin, and Virginia Silverstein. Beans: All About 
Them. Englewood Cliffs, N.J.: Prentice-Hall, 1975; 88 pp., 
illus.—Well-written book on beans as growing plants, with 
many possible experiments. 


Stangl, Martin. Chilton's Encyclopedia of Gardening. Rad- 
nor, Pa.: Chilton, 1975; 206 pp., illus. —Information-packed 
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Stone, Doris M. The Lives of Plants. New York: Scribners, 
1983; 304 pp., illus.—A study of the plant world, with in- 
structional experiments about plant processes. 


Stupka, Arthur. Wildflowers in Color. New York: Harper & 
Row, 1982; 144 pp., illus.—A presentation of common wild- 
flowers of the eastern United States, 


Titchmarsh, Alan. The Larousse Guide to House Plants. New 
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ANIMAL LIFE 
GENERAL 


Alexander, R. McNeill. Locomotion of Animals, New York 
Methuen, 1982; 163 pp., illus. —The mechanisms of how an- 
imals travel and their energy needs, 


Amos, William H. Wildlife of the Rivers. New York: Harry N. 
Abrams (Wildlife Habitat Series), 1981; 232 pp., illus. Fine 
survey of the flora and fauna of the world’s rivers, containing 
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——. Wildlife of the Islands. New York: Harry N. Abrams 
(Wildlife Habitat Series), 1980; 231 pp., illus,—Beautiful 
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Anderson, E. W. Animals as Navigators, New York: Van Nos- 
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Batten, Mary. The Tropical Forest: Ants, Ants, Animals, and 
Plants. New York: Crowell, 1973; 130 pp., illus.—Very good 
discussion of the ecology of the tropical forest 


Cohen, Daniel. Animal Territories, New York: Hastings 
House, 1975; 95 pp., illus.—Interesting facts about and ex- 
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evolutionary viewpoint. 


Cosgrove, Margaret. Messages and Voices: The Communi- 


cation of Animals, New York: Dodd, Mead, 1974; 144 pp., 
illus.—How animals use odors, sounds, movements, and 
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other means to convey messages to one another; for high 
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Costello, David F. The Prairie World. University of Minnesota 
Press, 1980; 244 pp., illus.—A visual tour of the little-under- 
stood American prairie, backed by solid scientific informa- 
tion. 
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Night. New York: Franklin Watts, 1974; 61 pp., illus —Sim- 
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INVERTEBRATES 


Anderson, Margaret J, Exploring the Insect World. New 
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Aylesworth, Thomas G. The World of Microbes. New York: 
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vard University Press, 1982; 306 pp., ill All about spi- 
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Hess, Lilo. A Snail's Pace. New York: Scribne 1974; 48 pp., 
illus.—The behavior of snails, the formation of their shells, 


and how to raise snails, all treated in a well-illustrated text; 


for grades 5-9. 


Hutchins, Ross E. The Bug Clan. New Yo Dodd, Mead, 
1973; 127 pp., illus.—Well-written account of the Hemiptera 
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forth); good photographs by the author. 


Jenkins, Marie M. Sea Star. New York: Morrow 1975; 48 pp., 
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Villiard, Paul. The Hidden World: The Story of Microscopic 
Life. New York: Four Winds, 1975; 89 pp., illus.—Introduces 
the beginner to the microscopic world, with instructions in 
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256 pp., illus.—Covers the basics of snake physiology, be- 
havior, and husbandry; for young people. 


Rudloe, Jack. Time of the Turtle. New York: Knopf, 1979; 288 
pp., illus. —Fascinating mix of adventure, biology, and folk- 
lore about all species of turtles and terrapins. 
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illustrated reference work 


White, William. A Turtle Is Born, New York: Sterling, 1973; 
96 pp., illus.—The anatomy and different life histories of 
turtles and tortoises; for junior high school students. 


Wise, William. Monsters of the Deep. New York: Putnam, 
1975; 64 pp., illus —Some amazing sea creatures, including 
the giant squid, the whale shark, poisonous fishes, the coe- 
lacanth, and others; for grades 5-9. 


BIRDS 


Callahan, Philip S. The Magnificent Birds of New York 
Holiday House, 1974; 190 pp., iilius. aa ebei bd bo- 
havior, torm, and flight of birds of prey 


Dorst, Jean. The Lite of Birds. Vois. 1 and 2 New York: Co» 
lumbia University Press, 1974: 718 pp., tus —Discusses the 
pans Various species of birds have made to environ- 
ments around the world; good diagrams, maps, charts, and 
bibliographies; for the well-informed general reader 


Ford, Barbara. How Birds Learn to Sing. New York: Julian 
Messner, 1975; 96 pp., illus. Some birds have to learn their 
Cae Very young or not at ali, as this clearly written book 
explains. 


Griffin, Donald R. Bird Migration. New York: Dover, 1974; 
180 pp., illus —Packed with information: for both the gen- 
eral reader and the specialist 


Hester, F. Eugene, and Jack Dermid. The World of the Wood 
Duck, Philadelphia: Lippincott, 1973; 160 pp., illus. Study 
of a beautiful North American wild duck, and a look at the 
work of a wildlife biologist. 


Hunt, Bernice Kohn. Pigeons. Englewood Clitts, Nu. Pren- 
tice-Hall, 1973; 30 pp., illus.—A short but very interesting 
and accurate account of the domestic pigeon and its rela- 
tives. 


Moseley, Katherine W. Only Birds Have Feathers trvington, 
N.Y.: Harvey House, 1973; 46 pp., illus. —The physiology ang 
behavior of birds, their migrations, their usefulness to hu 
mans; good elementary introduction. 


Peterson, Ri Tory. A Field Guide to the Birds: A Com- 
pletely New Guide to All the Birds of Eastern and Central 
North America. New York: Houghton Mifflin, 1980; 384 po- 
illus.—Fourth edition of the classic American bird identiti- 
cation book; an essential reference 


Pettingill, Olin Sewall, Jr. Another Penguin Summer. New 
York: Scribners, 1975; 80 pp., illus. —Fatkiand islands pon- 
guins and how they live; outstanding photographs. 


Saunders, David. Sea Birds. New York: Grosset & Dunlap, 
1973; 159 pp., illus.—-Reference work on the four orders of 
seabirds, well illustrated and indexed. 


Schick. Alice. The Peregrine Falcons. New York: Dial, 1975, 
83 pp., illus. —The story of peregrinos in the wild and bred in 
Captivity, with an important environmental message derived 
from this endangered species 


Scott, Jack Denton, and Ozzie Sweet. That Wonderful Peli- 
can, New York: Putnam, 1975; 63 pp., illus. —The life history, 
behavior, and conservation of Florida's brown pelican, with 
many good photographs. 


Turner, Ann Warren. Vultures, New York: David McKay, 
1973; 96 pp.. illus. —Vultures presented as impressive and 
valuable birds, necessary scavengers in the world of nature 


Weber, William J. Attracting Birds and Other Wildlife to Your 
Yard. New York: Holt, Rinehart & Winston, 1982; 147 pp. 
“lus. —How to select plants, build structures, and provide 

food to attract birds and small animals. 
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